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New SiwALiK Primates and their bearing on the 

QUESTION OF THE EVOLUTION OF MAN AND THE 

Anthropoidea. By Guy E. Pilgrim, D.Sc., F.G.S., 
Officiating^ Siipmntendcnt, Geological Survey of India. 

(With Plates i to 4 and two text figures.) 

QOME of tho niatc'rial, now described, wavK in iny hands as long ago 
^ as 1910 and formed the basis for the. establishinent of one new 
genus, Sivapilfleets, and two new species, Dnfoplthecas punjahicus and 
Semnopiihcvus asnoli. Time did not then allow me to do more than 
pxiblish tlie briefest notice's of these forms^. Further material has since 
been from time to time discovered, which abundantly confirms my 
first coTiclusions, and tlie time seems now to have arrived, Avhen a 
full and detailed account of the xvholo should bo published. The 
materia] now at my disposal obliges me to establish tw’’o additional 
sjiccies of Dryopitheens, 1), cliinjicitsis and I). gigantens^ and another 
new genus, Falceosmiia, with the specific name of rugosidens. 

When Lydekker investigated the Indian fossil Primates between 
the years 1879 and 1885, very little was known about the age of the 
beds which had 3uelded them, or of their correlation with the mammal 
horizons of Europe. Fresh facts on this subject have accumulated 
during the last six years, and the results so far obtained have been 
summarised by the present writer^ in a paper published in 1913. 

^Pilgrim, Notices of new mammalian genera and species from the Tertiaries of 
India, Rec. 0vol. Svrv. Indian XL, p. 03 (1910). 

® Pilgrim, The correlation of the Siwaliks with mammal horizons of Euroi^e, Rec-. 

Gtol. Surv. India, XLIII, p. 264 (1913). 

B 
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Although the (‘xact locality, from which the specimous, belonging to 

the earlier collections, came, is still doubtful, yet the following is the 

most probable hoi’iijon of the various Indian fossil Primates now 

known :— 

Prcsbytis {Se^nnopitJiecus) entellns (?) Karnul caves Pleistocene. 

Smia cf. satyrus . 

Popio falconeri Lyd, 

Papio suhhinadayanns Meyer 

Preshyfis (Somnopithems) palcrindi- 

CHS Lyd. J 

Up])er Siwalik U])per PIuk . 

(upper zones.) 

Macarvs (.?) sirahnsis Lyd. . . 

Ccrcopithevus (?) asnoti Pilg. . - > Dhok Path an 

Pal (Bop ithecas sivalensis Lyd. . j zone. 

Dryopiihrus (ji(janteusV\\g. . Nagri zone 

Dryopifhecus punjahicus Pilg. . ') Nagri and Cliijiji 

SivapithcTus indicus Pilg. . . ) zones. 

Pahcosmia rugosidens Pilg. . 

Dry op ith ec it s cli in j icn sis Pilg. 

The most interesting features connected wit-h 

I t'hiiiji 

Pontian. 

Lower Pontian. 

j Sarmatian. 

Rarmatian. 

the recent dis' 

coveries are:-- 

1. The evidence afforded of the \vi(lespread distribution of the 

genus Dryopitheciis^ which supports the theory, already 

prevalent, as to the close affinity ot African and Asiatic 

anthro])oid apes willi the g<mus Dryopilhecus. 

2. The knowL'dg* of the complete uj)per dentition ( Dnyopi- 

thecas, now for the first time discovered, ano hitherto 

known onlv bv isolated jnolars. 

3. The. possession by tlu' genus Sivapithccas of eliaracters, 

wdiich more nearly resemble those of Man than is the case 

in any other genus of anthropoid living or fossil, except 

perhaps, tlu> Pleistoc<me Pithecanlhropas and Eoanlhropvs. 

The occuirence of such a type as far back as the sarma- 

tian is strong evidence that the line of Man’s descent 

diverg(‘d from that f)f the other anthropoids at a very 

early date. The co-existence of these essentially human 

characters with others which are no less certainly primitive, 

though they have persisted in the apes, and have even 

been retained in some small degree by early specimens 
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of mankind, points to some closely allied form to Siva- 

fathecuH imlicvs as the direct ancestor of Man. 

In that case it would seem that we may quite reasonably antici¬ 

pate the discovery of true Man, at least in Pliocene strata, 

since the differences between Palaeolithic Man and his 

assumed sarniatian predecessor are not so great as to 

render it unlikely that the interval of time occupied by 

the pontian stage should be sufficient to obliterate them 

from a gemuic point of view. 

4. Tlie characters common to the Gibbon and SivapitJiecns and 

not shared by the other living apes, point to Sivapithecm, 

and therefore Man, being an early offshoot from the 

Gibbon line. 

The evidence for these conclusions is amplified and discussed at 

the end of tlu‘ present paper. "We shall be in a better position to 

estimate its value when th<^ detailed desciiption of the specimens 

has been giv<m. T shall, therefore, proceed at (/nee to the systematic 

portion, in which the Cercopiihevidae will be treated separately to 

the anthropoid apes. 

CERCOPITHECIDAE 

CERCOPITHECUS (?) ASNOTI Pilgrim 

Plate I, figs. 1—3. 

1910. SewnopUhrcn.^ uf^noti Pil^riin, Notices of now mammalian gonora. and SjX'cios 
'om the Tortiarios of India, Rvv. (teoL Smr. Indw, vol. XL, }>agc 04. 

The fragment, iijK)n wliich this species "was founded, Was very 
briefly noticed by the writer in 1910 in the paper quoted above. It 
was there referred, on exceedingly feeble evidence, to the genus Sem- 
iiopithecas (now to be known as Presbyfis by \firtne of the laws of 
priority of nomenclature), and the specific name of asnoii AVas given 
to it. 
r 1 may preface my lemarks by suggesting the extreme probabi¬ 

lity that the fragment is generically indeterminable. It consists 

only of a portion of the immature right maxilla of a Cercopithecid 

monkey (Ind. Mns. I), 120), containing the first molar (unworn), the 

last milk molar (greatly w^oin) and the last premolar, wffiich has 

been developed out of its position hi alveola, by cutting away the 

side of the jaw beneath the last milk molar. 

n2 
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A left maxilla (Iiid. Miis. D. 121), containing two unworn molari- 

form teeth, the larger of which is identical in size, shape and structure 

with the milk molar in the last mentioned specimen, probably belongs 

to a very immature individual of the same species, the two teeth it 

contains being then mni’^ and mm^. 

These specimens were collected by 8u])-Assistant M. Vinayak 

llao from the neighbourhood of the village of Hasnot, in tlie Salt 

Range area, and from the nature of the matrix were almost certainly 

derived from the Dhok Pathan zoite of the Middle Siwaliks. 

Another tooth (Ind. Mus. D. 182), exactly similar to the first 

molar in the type maxilla, was collected from a locality which is well 

known to me, alxnit 1 mile north-east of Domeli railway station on 

tlie road to the village of (hakwa. This is situated nearly 20 miles 

to the noith-east of Ilasnot and its stratigraj)hical position is, un¬ 

doubtedly, in the Dhok Paihan horizon. 

The dimensions of these teeth are as follows - 

' Tiul. Mus. Ind. Mus. Jnd. Mus. 
. 1). 120. 
1 

i), 121. 1). 182. 

. ' 8-2 .. 8-5 

Ml ^ krciultU 8-0 7*4 

Ju'iglit. * 1 5-4 

^length O'O 0-a 

MmU Im'udtJi 70 0-7 

I jK'ight 

1 floiigtli 
1 

()-8 
1 

Piii^ 
1 
[ breadtJi . , 0-8 

1 Jiciglit 
1 

fli'iigtli . 5-6 

MmN brr‘adth • • 5-5 

klif'jglit . . . , • • • 3-4 

The four cusps of the molars, connected in pairs by exactly 

transverse ridges, and the shape of the premolar leave us in no 

doubt that w© have to deal with a member of the Cercopithecidae. 
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Since, however, the teeth of the dilTercnt genera belonging to this 

family are remarkably like one anotlier, diflerences in the pioportion, 

which the individual teeth bear to one another, form often the only 

means by which their dentition can be distinguished. In the 

absence of the two hinder molars we are debarred from such a com¬ 

parison. 

On the assumption that the S])ecimen belonged to Preshytis 

{fieymioyilhecus), then the presence of the broad anterior slndf, 

projecting slightly on the external wall of m^ as well as min'*, afford¬ 

ed a marked difference from the corresponding teeth of any s}u‘cies 

of Prcshjlis known to me. This was indicated in my jneliminary 

note on the specinnm. This shelf is formed by the continuation of 

ridges which run forward from the two anterior cusps. In tlu^ 

present species the external portion of the shelf is ,se])arated from 

th('- ext(U‘]ial ciis]) by a furrow wliicli runs vertically half way down 

the (External wall of the crown. 

I have since discover'd that this feature is a coiistant character 

of the African genus Cercoyilhecus. It does not sciun to he shai'cd 

by Macacus, Colobus, Cercocehus, MesoitiOiccus. LdufinlhecitH or 

Do}ivhopithecns any more than by Presl>iftis. In J)()lu'lt(tpiflic(ifs, 

ind(*ed, such a shelf would appear to be altogether absimt. ili<^ 

anterior cusps wstanding quite near the edge of the tooih^. On the 

other hand in that genus there is a distinct external ciiiguium, 

having no connection with the anterior cusps and situated nearer 

the base of the crown. 

An additional point of distinction is afforded by the shapes of 

pm^, which had not been exposed when I wrote my preli.ninary 

note. This tooth in the specimen under consideration is charac¬ 

terized by the long distance from the summit of the transverse crest 

to the posterior border of the tootli, as comjiared with that between 

the summit and the anterior border. In Maaivus the two dis¬ 

tances arc the same and the tootli as a whole is rather short. In 

Preshytis the tooth is longer than in Macacus, and the posterior is 

longer in proportion to the anterior part of the tooth, but not so 

markedly so as in the Ilasnot tooth. Neither DolichopUIiecus 

nor MescrjuthecKs show this feature. On the contrary something 

of the same kind is found in Cercopithecus. 

^ Dcperct, Los aniiuaux piitn'cni's tlu IvOUs^iUou, P(d> Mtm, Soc. Geol. Fra7ice, 
3 (1890) p. 11. 
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In weighing the evidence in favour of assigning the specimen to 

one genus rather than to another, I consider that we are bound 

to take account of these two features, trifling though they may 

seem, which it shares in common with the genus CercopitJbecus, but, 

as far as I am aware, with no otlier. Su])posing it were ancestral 

to the living African monkeys, which are placed in Ccrcopithecus, we 

should, perhaps, hardly expect it to have the large dimensions 

which are actually the case. Consequently, it is more, probable that 

it repi’escnts a lateral branch from the Cercoplfheciis stock. In 

calling the specimen Cercopithecas (?), 1, therefore, only mean to 

draw attention to what seem t-o be its most probable affinities, while 

admitting the likelihood that more complete material would show it 

to be distinct generically from CercopifJiecus. The pontian age of the 

Hasnot specimen would indeed a priori incline us to a belief that its 

genus is not the same as the recent one, but it is necessary to await 

further material l^efore giving effect to sucli a belief. 

The geological signilicance of such an affinity with an African type 

in an Indian pontian species is noteworthy, in so tar as it j)oints to a 

period in the lower Miocene, when free intercommunication existed 

between the two continents. From a species, which was then common 

to the two areas, may have s])rung on the one hand the modern 

African Cercopiiliecm and on the other Indian fornrs, of which this 

pontian species may be the first re[)resentative that has so far 

come to sight. 

The fauna of the lowT-r Miocene f)eds of the Jlugti hills in 

Baluchistan' affords the best ])roof at present known of the close 

similarity at that geological })eriod between the mammalian fauiue of 

India and Africa. 

MACACUS (?j cf. SIVALENSIS^ Lydekker 

Plate 1, ek;. 4. 

fH7S. Martti'us ruloh'^is l.ydrkkcr, i\oticc8 of Hiwalik /^r. (koL Sunu 

India, vol. XI, |). (Uk 

I88(). Mavneus ,sivulrnsk, Lydekker, Luiian Terlkuy and Tost Ti^rliury Vertebnita, PaL 
I ndica, series 10, vol. J\', j). 5. 

In 1878 Lydekker described under the name of Mameus sivalensis 

two fragments of maxilloc belonging to a Cercopithecid monkey, 

^ I’ilgrini, TIk' Vertebrate fauna of tlie Uaj series in tlie Bugti hills and the Punjab, 
Pal. Indica, new series, vol. IV, iiicm. 2 (1912), pp, 1—83. 
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which were obtained by Theobald in the neighboiuliood ol tJie vil¬ 

lage of Hasnot in the Salt Range. From the character of the 

matrix still left on the specimens, there is little doubt that they 

were derived from the i)hok Pathan horizon of the Middle Siwa- 
liks. 

I suppose the author of the species would be the first to admit 

the j)ossi1)ility that more abundant material would oblige us to 

se])a]ate it generically from the living genus, lie, however, has ad¬ 

duced arguments which lender it probable that the athnities of these 

maxilla: lie Avith Macactis, and it is, therefore, obviously unreasonable 

to refer them to any other genus, though one may be allow'ed to 

regard the reference as provisional. 

A few years ago Sub-Assistant M. Vinayak Rao obtained from 

thi‘ middle Siwaliks of llasnot a fragment of the right mandibular 

lamus of a (V-rcopithecid monkey (Ind. Mus. 1). 181), which is the 

subject of the j)resent notice. It is (igured in Plate 1, iig. 1, and 

contains two perfect, well worn, molarifojin teeth, of Avhich the 

smallei* is in a more advanced state of woar than the larger. Behind 

tli(' latter is the alveolus of another double-rooted tooth, and on the 

othei* side of these are the alveoli of two roots j^ointing to the former 

existence of at least one tooth, as large or larger than the one behind 

it, forming a slight curve wdth the hinder three. Immediately 

beneath the anterior margin of the smaller of the twx) perfect teeth, 

a sliarj) curve may be jioticed in the lower edge of the ramus, w^hich 

evidently marks the beginning of the synijdiysis. Behind this 

])oint, the side of the ramus drops almost verticall}^ from the b.,se of 

the tooth croAAms to the lower edge of the ramus, without any bulge 

or ledge such as is often present on the inner side of the mandibles 

of monkeys. On the outer side, the mental foiamen is visible 

mm. from the base of the ramus, beneath the alveolus of the 
foremost of the four teeth, of AAhich more or less distinct traces are 
left. 

It may be gathered from this description that there can be no 

doubt that the dentition in this mandible is the permanent ojie, 

which is confirmed by the absence of any i)ermanent premolars 

in the jaAv below" the two teeth which are preserved. The latter 

are therefore m^ and m2 and the tooth in the front of the jaw is 

mv 
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The dimensions in millimetres of the mandible and of the 

individual teeth are as follows:— 

Thickness of ramus beneath m2 ...... b*8 
Depth of mandible below mi . . . . . . 18*3 

( length.b-0 
.5-9 

^ (length.5*8 
^ breadth ......... 

Approximate length of pm4 . . . . . . 7*2 

On comparing this with the maxilla of Macacus sivalensis, figured 

by Lydekker, it is evident that the animal to which it belonged 

must have been almost of the same size. Further, the proportionate 

dimensions of the teeth are identical, so far as can be gathered, 

with those of the corresponding upper teeth of Lydekker’s specimen, 

so that, other things being equal, a provisional reference to the species 

Macacus sivalensis is reasonable, since the specimens came from the 

same locality and horizon. 

The most striking characters of this mandible are its depth and 

slenderness. These eminently characterize Macacus as distinguished 

from Presbytis, I am unable, however, to find that these charac¬ 

ters enable us to distinguish it from (Jercoyithecus. 

Some significance may be found in the apparent narrowness of 

the shelf in front of the anterior crest of the molars. This is a 

character of the genus Dolichoyilliccus as seen in the species D. 

Tuscinensis from the Pliocene of Rousillon^. It is however much more 

pronounced in that genus. The advanced state of wear of the 

molars in the present mandible tends to cause the anterior cusps to run 

into this shelf and so appear nearer the margin than is really 

the case. The actual breadth of this shelf is probably almost the 

same as in the upper molars of the maxilla of Macacus swalensis^ 

in which it is narrower than in many macacques and decidedly 

more so than in the genus Ccrcojrithecus. 

A cingulum at the antero-external corner of m^ and in the middle, 

externally, between the two crests, is similar to that which is present 

in Dolichopithecus, I have, however, seen a similar cingulum in 

specimens of Macacus nemestrinus. 

The long alveolus of pm^ in the Hasnot mandible points to a 

tooth which is rather longer than is usually the case in Macacus^ 

and is more like pm^ of Dolichopithecus. 

* Deperot, 1. 0. 
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In conclusion, I have very little hesitation in referring this man¬ 

dible and the maxilla from Hasnot, described by Lydekker, to the 

same species, and there seems no justification for removing them 

from the genus in which Lydekker placed the latter. The species 

may be regarded as showing features which indicate some affinity 

with the European Pliocene genus, Dolichoyithecus, 

SIMIIDAE 

DRYOPITHECUS PUNJABICUS, Pilgrim 

Plate I, figs. 5, 6. Plate II, figs. 4, 5. Plate III. 

11)10. J)ryoplfJirrus pnitjfihicvs, id, Notice's of now maniniaJLin jjjc'iK'i’ta iiutl s|)(Tics 
from tlu' Trrtiaries of India, live. Gaol. 8i>rv. India, XL, p. 03. 

1013. Dryo'piihvcan indicus (ia]isus calami). Pilgrim, TJic correlation of the Siwaliks 
with mammal horizons of Europe, Itaa. Gtol. tSarv. India, XLlIl, p. 3J1. 

1013. Pidoiopilhaaux R]). I’ilgrim, The correlation of the Siwaliks with mammal 
hoT izmiw of Europe, iitr. Gaol. Surv. India, XLIIJ, ]i. 320. 

The types of the present species are portions of the right and 

left ramus of the same mandible, the former containing with 

half the broken crown of and the latter m^ with the broken 

crown of m.^. The specimens were found near the village of Chinji 

by Sub-Assistant Vinayak llao, and though their exact locality has 

not been recorded, there seems very little doubt that they came 

from the Chinji zone of the Lower Siwaliks. There is some ground for 

supposing that they occurred at the very summit of that zone, 

partly because the matrix attached to them consisted of a hard 

reddish clay, free from concretions and similar to a fossiliferous 

clay, which is known to occur to the west of Chinji, near the boundary 

between the Lower and Middle Siwaliks, partly, also, because the 

maxilla found at Haritalyangar in the Simla Hills, which seems 

almost certainly to belong to the same species as the mandible, 

occurs in beds, which are known both by their fauna as well as their 

stratigraphical position to be newer than the Chinji zone, though 

they represent a low horizon of the Middle Siwaliks, to which the 

name of the Nagri zone has been given^. 

The species may therefore be referred in terms of European 

geological horizons, either to the upper sarmatian or the lowest 

pontian. 

^ Pilgrim, The correlation of the Siwaliks with mammal horizons of Europe, Mec, 
Oed, Surv. India, XLIII, pp. 270, 319. 
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Mandible. 
The mandible, evidently, did not belong to an old animal, as m^ 

is half concealed, in side view, by the ascending ramus, while this 

tooth is inclined at a slight angle to the one in front of it. The 

breadth of the ramus at m3 is eonsiderable —19-8 mm. The depth 

at m^ is only 23-4 mm., but might no doubt have increased a little 

as the animal got older. As the ramus is broken off immediately 

in front of m^, it is impossible to perceive if the depth of jaw increased 

anteriorly as in Dryoyithecus fontani. 

Last lower molar.—The dimensions of this tooth arc as follows : 

length 12*5 mm., breadth 10 4, height 6*7. It is thus longer than broad, 

its greatest breadth being near the front end, whence the sides of the 

tooth converge backward to a rather narrow hinder tip, so that the 

general shape of the tooth might almost bo described as sub-triangidar, 

diifering in this way from Dryopiihecus rhenanus, but still more from 

I), foalani and D, darwini. The inner side of the crown descends 

steeply to the base, but the outer side less steeply, still by no means 

so gradually as in D. danvini. From both edges the slope towards 

the centrum of the tooth is extremely gentle. The five main cusps 

of the anthropoid lower molar are well marked, though, as in Dryo- 

pithecus generally, they are not high. The least worn and there¬ 

fore the highest is the metacoiiid. The entoconid is smaller and 

lower than the mctaconid. The protoconid and hypoconid are 

about equal in size and height. The mesoconid is both smaller and 

lower than either of the other two outer cusps. These three outer 

cusps are arranged in a curve, the hypoconid being situated mor3 

inwardly than the protoconid, and the mesoconid more so than 

either. The entoconid also lies nearer the centrum than the meta- 

conid, so that the tooth tapers symmetrically. 

Besides the main cusps there are two secondary cusps, which 

may be distinguished from the numerous swellings on the main 

cusps by the fact that fairly deep furrows running from the edge of 

the crown to the centrum delimit them from the five main cusps. 

These occur between the metaconid and the entoconid and between 

the entoconid and the mesoconid. 

The main furrows, which separate the cusps, already mentioned, 

from one another, are precisely similar to those which AboB has de¬ 

scribed so fully in the case of Dryopithecus darwini. As in the case of 

1 Abel, Zwei iie-uo Meiischeiiailcn aus deu Leithakalkbildungcn des Wiener Beckons, 
ISitz. kais. A lead. Wiew UXI, Abt. 1 (1902) p. 11S5. 
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that species, the furrows between the three outer cusps only descend 

on the external wall of the tooth as far as a cingulum, which unites 

the cusps in cpestion at rather less than half the distance from the 

cusp summit to the base of the crown. Here they dichotomize 

within the cingulum. On the other hand; the furrow between the 

entoconid and the secondary cusp which intervenes between it and 

the metaconid, runs right down the wall to the base of the crown. 

The fuiTow, however, w^hich separates this secondary cusp from 

the metaconid is very faintly maikcd on the internal w^all of tlic 

tooth. The remaining furrows, which are very numerous, are nalu- 

rally associated with and equal in number to the various enamel 

ridges, and their course, where necessary, will be described in con¬ 

nection with the latter. 

These enamel folds are much more plainly to be seen on the 

inner side than on the outer side of the tooth, and are especially av(‘,I1 

marked on the metaconid. If, however, the outer cusps were less 

worn, there is no reason to suppose that the lolds would be any 

shallower or less numerous. Both protoconid and metaconid send 

a strong crest oblicjuely to the front edge of the tooth, which is 

raised into a somcw'hat weaker ridge, behind w^hich is a hi)ilow. 

Another pair of ridges run from protoconid and metaconid tow^'ards 

one another, curling lound into the just mentioned hollow. There 

are no less than four other folds on the sides of the metaconid. One 

of these produces a cusp, visible in side view on the inner side of the 

tooth and separated from the main cusp of the metaconid by a deep 

^urrow^ which starting from the edge runs towards the centrum. 

It soon dichotomizes and its branches run into the furrow, which 

separates the metaconid from its secondary cusp. The two remaining 

folds, of the four mentioned above, produce two lidges, which start 

some way down from the summit of the metaconid and run as far 

as the centrum. The anterior secondary cusp is also divided by one 

fairly strong and two weak furrows, running towards the centrum. 

Similar furrows, but much more feebly marked, are to be seen on the 

entoconid ; traces of these can also be seen as furrows on the external 

wall of the tooth. Both the hypoconid and the mesoconid are too 

much worn to show any very distinct trace of folding. 

Beyond the folds mentioned and a few others of limited extent, 

but all of which are visible to the naked eye, there is no trace of 

the fine rugosity with which the entire surface as well as the sides 

of the tooth in Dryopitheciis darwini would appear to be covered. 
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On the contrary the surface of the tooth, even on the little worn 

metaconid, is quite smooth and polished between the various 

furrows. 

The cingulum still remains to be mentioned. This exists only 

in the form of a broad shelf or ridge, which links the bases of the 

protoconid and hypoconid and to a smaller extent of the hypoconid 

and mesoconid. It does not extend beyond these limits ; there is 

consequently no trace of the cingulum which in Dryoyitheem darwini 

goes right round the antero-external angle of the tooth. 

The hinder root of this tooth is strongly produced backward. 

There is a distinct oval polished face on the front wall of the tooth 

caused by the contact against it of the tooth in front. 

Second lower molar.—This tooth is shorter than m^, but broade^ 

in proportion, its dimensions being, length ll-G mm., breadth 9*9 mm., 

height 5*4 mm. It is much more worn than m^, and therefore the 

various folds, which are plainly visible in that tooth, are either very 

indistinctly so or are even entirely iiftaced in this. It does not possess 

the tapering shape of nig, because the hypoconid is not nearer the 

centrum than the protoconid nor the entoconid than the metaconid. 

Thus the sides of the tooth are parallel. The mesoconid is, howevei, 

strongly displaced inward, so that the hinder end of the tooth is 

narrower than the rest of it, but lacks the symmetry of m3. The 

secondary cusp bctw^’cen the entoconid and the mesoconid is very 

weak ; in consequeuc.% the hollow at the hinder end of the tooth is 

much more pronounced. The cingulum, linking together the bases 

of the protoconid and hypoconid and of the hypoconid and mesoconid 

is quite distinct. 

A comparison of these tw'o molars w'ith those assigned to one or 

other of the three previously known species of Drijopiihecus leaves no 

doubt in my mind as to the propriety of referring this mandible to 

the same genus. From Man, as well as from each of the living genera 

of anthropoid ape., Dryopithecus differs in the greater excess of length 

of nig over m^. This is shown in the table on page 72. 

From Man, the Chimpanzee, Orang, Gorilla and also from the 

fossil'genus Simpithecus, the molars of Dryopithecus differ by being 

less broad in relation to their length. This is rendered clearer 

by the breadth indices tabulated on page 70. 

. The hindermost cusp, mesoconid, is more strongly developed 

in Dryopithecus than in Man, the Gibbon, Chimpanzee and Orang. 

This weakness of the mesoconid is especially noticeable in m3; in 
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fact in the genera mentioned the mesoconid in nig is often altogether 

wanting. 

The folds or wrinkles on the surface of the crowns of the teeth 

offer a means of distinction, although it seems likely that this is 

often a character which varies witliin the same genus according to 

its stage of development, and may, therefore, only be of specific im- 

poitance. Thus, although the teeth of Caucasian man are not charac¬ 

terized by more than a few strong wrinkles, those of the fossil man^ of 

Krapina and some of the k wer races have the surfaces of the molars 

rather richly covered by them. Moreover, the wear of individual 

fossil specimens may easily deceive one as to the strength of the 

feature in question. Nevertheless, their strong development in the 

Orang distinguishes that genus not only from Dryofiihecus but also 

from every other so far described. Equally the absence of wrinkles 

distinguishes the Gibbon as w^ell as Pliopitheevs, The folding of the 

enamel in iJryopithecvs is very much less in intensity and frequency 

than in the Orang. The wrinkles in the Chimpanzee are often 

numerous but are very much finer than those of Dryopiihecvs. The 

(Gorilla has sometimes very numerous and very strong folds on the 

molar surfaces. In Man, as observed before, the wrinkling appears to 

be variable, but the folds, though occasionally as strong or even 

stronger than in Dryopitheevs, are not so numerous. In Sivapitheem 

the folding of the enamel is, like Man, coarser, but less frequent 

than in Dryopithecus, Neopithecus hrancoi has much feebler WTinkles. 

Moreover it is distinguished from Dryopithecus by the much greater 

length of mg. 

Each one of the distinctions enumerated above is as applicable to 

the teeth under consideration as it is to Dryopithecus. They agree 

in every detail relating to the arrangement of the cusps and the folding 

of the enamel, with the low^er molars of Dryopithecus rhenanus, as de¬ 

scribed and figured by Schlosser^ and to a smaller extent with Dryojn- 

thecus darwini as described and figured by AbeP. I am quite un¬ 

able, therefore, to refer the Punjab mandible to any other genus. I 

may, however, point out some additional features, in which my speci¬ 

men may be distinguished from certain genera which approach it 

somewhat nearly in regard to the characters already detailed. Thus, 

Gorjanovic-Kraraborger, J)er cliluviale Mensch von Krapina, Mitt. d. Anthro'p, 
Gesdls. Wien., XXXl, (1901), p. 190, pi. 2, 3. 

® Schlosser, Boitrage zur KenntniBs der Saugotluerrosto aus den Bud dciitschen Bohner- 
zen, Geol. u. Pal. AbJmndL IX, (1902), pt. 2, p. 124. 

® Abel, 1. c., p. 1185. 
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the breadth index of the Gorilla sometimes does not exceed that of 

these teeth by much, while the folding is sometimes equally intense. 

The Gorilla is, however, easily distinguished by the exceedingly deep 

furrows which separate the main cusps, apart from the inferior 

length of in relation to m2. Besides the points already men¬ 

tioned, Sivayiihecm differs by the higher cusps, the complete absence 

of a cingulum and the absence of secondary cusps. 

A comparison with Palceoyilhecus is much more difiBcult, both 

because that genus is known only by the upper dentition, and also 

because the upper teeth are in such an advanced stage of wear that 

one cannot be certain either of the height of the cusps or of the 

nature of the enamel folding. The enamel is, however, very much 

thicker than in the mandible now before us, and it seems almost 

certain that the cusps in the unworn tooth of Palceopifhecus were 

higher and more massive, w^hilc the wrinkling of the surface must 

have been of an altogether coarser type. It may, perhaps, be 

permissible to be influenced by the fact that the maxilla from 

Haritalyangar, to be described later, shows much clearer evidence of 

belonging to a different g(uius from Palceopitheciis. On the other hand 

this maxilla exhibits a structure and details of sculpture so analogous 

to those of the lower molars from Chinji as to oblige mo to assign 
them to the same species. 

It remains now to see how this mandible differs from those 

which have hitherto been assigned to the genus Dryopithecus^. 

These may be said to be four in number, since, as Abel has empha¬ 

sized, there are twm distinct types of tooth referred to 7). fontani, 

w^hich in my opinion cannot be regarded as belonging to the same 

species, if even the same genus. These four species may be given as 

follows. Droypitheens fontani, type 1, Lartet. D. fontani type 2, 

Harlei, D. rhenanus, Pohlig, D. darwini, Abel. Of these D. fontani, 

type 2 has the greatest breadth index; next to this comes D. darwini, 

the breadth in the case of this species being due to the strong cingu- 

Imn ; D. fontani type 1 is the next highest, if Harle's measurements 

1 Nouvollos i»ii'oos do Dryopithdquo do S.iint-Gaiidons, BnU. Soc., CM , France 
(.3) vol. XXVT, (1899) p. 304, pi. 4. 

2 I regret that Dr. A. Smith Woodward’s paper on a lower jaw of Dn/opUhecus fontani. 
from the upper Miocene of L6rida (Spain), published in the QuaH. Jour. Oeol. Soc. Lond., 
vol. 70, p. 316, Dec. 1914, did not reach me in time to ona])le mo to insert in the text any 
reference to this .spccirntm or to Dr. Woodward’s interesting remarks on the symphysw 
of Dryopithnens. Iliese do not, lioweyer, appear to be inconsistent with the views on 
anthropoid evolution tixpressed by me in the latter portion of the present paper. The 
approximate dimensions of the molars in the L^rida specimen are included in the table 
on page 70. 
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were intended to be quite accurate; D. fimjabims comes next, 

while D. rhenanus is the lowest of all. These, however, form such a 

gradual series that no serious specific distinction can be based on 

this character, though it is interesting to observe that the order is 

in agreement with the supposed geological age of the different 

species. 

It seems more important to observe that the length of m^ as 

compared with mg is much greater in D. piinjahicifs than it is in D. 

jontani. This may be coirelated with the taper shape of m^ in 

D. punjabicm, due to the displacement; towards tlie centrum 

both of the mesoconid as well as of the entoconid. Mg of D. 

fontani is distinguished by being but little narrower in its posterior 

than in its anterior part, the three outer cusps foiming a straiglit 

line. The displacement of the mesoconid towaids the centrum is 

greatest in the species D. rhenanus\ D. darwinl and D. funjabicns 

are, perhaps, equal in this respect. On th.^ other hand, nig in 

D, rhenanus does not taper in the symmetrical fashion so characteristics 

of JD. funjabieus, because the entoconid in the former species is not 

displaced and is larger than in the latter. Mg of 1). darwini would, 

really, be far more lik?. the Punjab species in this, wcnv it not for its 

very broad and pronounced cingulum. Tliis cungulurn is present, 

but less strong in D. /onlaiu, but is generally absent in D, rhenanus^ 

l/hougli Schlosser^ mentions a molar which shows what a])peaTB to be 

a connecting shelf between the profoconid and hypoconid similar 

to what occurs in I), pvnjabicus. li is perhajis permissible to em¬ 

phasize tlie greater distinctness of tliis external cingular shelf 

between^ each of the two pairs of outer cusps in the Punjab species 

than in Z). rhenanus. It w'ould seem that B. darwini has fcAer 

main foldings on its molar surface than D. rhenanus, but that it is 

characterized by the presence of a fine series of wrinkles indiscri¬ 

minately over the surface of the tooth as well as on the sides. This 

type of wrinkling is absent from B. 'punjabicus, as it is from B. 

rhenanus. The Punjab species, however, seems to possess an equally 

strong and numerous series of large scale foldings, although differ¬ 

ences in the stage of wear make it difficult to estimate Ihe real 

strength of the foldings, especially when the actual specimens are 

not at hand for comparison. In B. punjabicus a series of rather 

deep furrows on the internal side of the tooth, which extend a short 

way down the wall of the tooth and in side view produce a dis- 

^ Schlosser, 1. c. p. 126. 
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tinct serrated margin on boih the metaconid as well as the entoco- 

nidj appears to be especially ebaracteristic of ibis species. 

Tie ie/pM of lie molars is greater m I?. jom/Sh/s tian in tie 
other species. On the other hand, the individual cusps appear to be 

slightly lower than in D. rhenanus, although a comparison with a 

cast of of Dryopitimus darwini which Professor Abel has been 

kind enough to send me, shows no difference between my species 

and Professor Abel’s, 

In conclusion, although this mandible is near enough to each of 

these other species of Dryo'pithecus to leave no doubt as to its generic 

position, there are such differences as to render it impossible to 

place it in any one of them rather than another, and justification 

seems to be afforded for specific distinction. 

Maxilla. 
Some years later than the discovery of the mandible just de¬ 

scribed, Sub-Assistant Vinayak Rao found at Ilaritalyangar, in 

Belaspur, one of the Simla Hill States, a beautifully preserved right 

maxilla (Ind. Mus. D. 185), containing the two prcmolars and the 

front two molars; this specimen is figured in Plate HI. I at 

first referred it to the genus Palceopithecus, as a species more primi¬ 

tive than the species P. sivalensis. This, however, was before I had 

been struck by the remarkable analogy in structure and ornamenta¬ 

tion between these molars and those of the Chinji mandible. In 

addition to the four teeth mentioned, the fragment shows the 

adjoining portions of the alveoli of the canine and of m^ as well as 

the base of the jugal process. The edge of the maxilla above the 

canine is intact. The following are the dimensions in millimetres of 

the four teeth :— 

M®, 
1 

; W. Bin* Pms. 
1 

Longth.i lO-O 10-4 6-0 
! 

7-0 
Bri'adth . . . . . . . ' 11-4 113 9-7 9-5 
Height. 5-6 .6-3 5-5 G-2 
Breadtli Index .. 107-6 108-0 140-9 135-7 

Penultimate upfer molar.—This tooth is constructed on the usual 

plan of anthropoid upper molars and consists of four main cusps. 

Of these, the paracone is slightly stronger than the metacone and 
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the protocone considerably stronger than the hypocone. All the 

cusps fall very gertly towards the centrum and steeply away from 

it, the outer walls of the tooth being distinctly steeper than the 

inner walls. The protocone and the metacone are connected by a 

strong ridoe, running obliquely across the tooth, and the protocone 

and hypocone by an equally stron<J[ one, which forms tlie inner edge 

of the tootJj. The protocone and paraconc are also connected by a 

continuous ridge, parallel to and not far from the front edge of 

the tooth. Besides this, an oblique crest runs from the outer 

corner of the paracone towards the front edge, where it meets 

another similar but slightly weaker one juoceeding from the 

])rot(^cone. Between this and the last mentioned ridge is a 

d(‘ep furrow, wliich is continued, though weakened, over the para¬ 

cone and a small way down the external wall of the tooth. Six 

smalhu- folds run down from near the summit of the paracojie 

t{)wards the main valleys which se})arate that cusp from the protocone 

and metacojie. The corresponding furrows run a short way down 

tin* outer wall of the tooth utkI })roduce in side view a serrated edge, 

wliich reminds one of the similar a})])earance on the int;ernal edge of 

the lower molars. Three corresponding ridges, but less distinct 

owing to the greater wear on that side, run from the protocone to¬ 

wards th(‘ centrum, anterior to the connecting crest between the pro¬ 

tocol le and nietacone. The metacone has three folds which produce 

crenatjons on the outer edge. The folds on either side of the crest 

uniting the protocone and inetaconc are almost entirely obscured 

by wear. A strong ridge runs backwards from the metacone to the 

liinder edge of the tooth and meets a corresponding and equally 

strong one from the hypocone. One or two oliscure folds descend 

on the front side of the latter ridge into an exceedingly deep cavity, 

from which a deej:) furrow jiroceeds between the hypocone and the 

connecting crest between luetacone and protoconc. On its way 

towards the inner edge of the tooth this furrow^ dichotomizes. The 

front branch runs up towards the protocone and does not reach the 

edge, but the hinder branch runs down to the base of the crown. 

The main furrow^ between the paracone and the metacone also runs 

down the external wall to the base of the crown. Between these 

various folds the enamel surface is absolutely smooth and polished. 

A faint trace of a cingular connection between the protocone and 

hypocone can just be made out. 

This tooth has three roots. 

C 
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First upper molar.—This tooth wants the postero-external corner 

of the nietacone. It is slightly inferior in length and breadth to 

m^, but is broader in proportion to its length. Almost exactly the 

same sculpture can be distinguished on the surface of this tooth as 

on the last, only it is not always so plain on account of its more 

advanced wear. The only important differences are the somewhat 

stronger hypocone aiid the presence of a very strong ridge, in addi¬ 

tion to those mentioned for m^, which connects the hypocone with 

the metacone, running right across the hinder cavity of the tooth. 

A faint trace of a cingular connection between the paracone and 

the metacone can also be just made out. is three-rooted. 

Hinder 'upper 'prrmolar.— This tooth is miicli broader than long, 

and consists of an inner and an outer cus}>, both of which fall 

equally steeply towards the sides and the middle of the tooth. 

The outer cusj) is higher than the inner one. Both have strorig 

ridges, running forward a.nd backward from the summit, though 

they are stronger in the case of the outer than of the inner 

cusp. Two strong ridges run from each, parallel to the hinder wall 

of the tooth, to meet in the mid line. The foremost of these 

two ridges is continuous right across the middle of the tooth, 

but the hinder oiu* is cleft by a median furrow. Two additional 

transverse ridges i*uji from ih(‘ ends of the anteroposterior ridges 

mentioned above and form tin* front, and back edges of the 

tooth respectively. Throe deep cavities, one median and the 

others anterioi and }>osterior are formed between these ridges. 

These two latter stand at- a. loww level, that is nearer the 

base, than the median cavity. The posterior one of these is 

continued by a furrow, which passes over the outer edge of the 

tooth and can be seen on the external wall. An additional short 

fold runs down from the summit of the outer cusp into the hinder 

cavity. This tooth is three-rooted, the roots being divergent. 

Front upper prefnolar.—The front wall of this tooth is not 

parallel to the hinder w'all, owing to the forward prolongation of 

the antero-external angle, which makes the external side of the 

tooth longer than the internal side. The internal side is actually 

shorter than the corresponding side in pm^, while the external 

side is longer than in pm^. In other respects, the structure of 

the two premolars is very similar. There are the same four 

cross ridges, of whicli the hinder of the two central ones is cleft 

by a median furrow. The foremost cavity sinks, however, to a 
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lower level than in pm^, while the foremost of the ridges is con¬ 
tinued as a strong crest on the external wall of the tooth, with 
a corresponding furrow in connection, which runs down to the 
base of the crown. Additional short ridges run from the summits 
of both cusps into the central cavity. This tooth has also three 
divergent roots. 

The dimensions of these teeth, the moderately low cusps, the 
complexity of the folding of the enamel, and, above all, the pecu¬ 
liar serrated outer edge of the molars incline one so strongly to 
the opinion that we have before us a maxilla and mandible which 
belong to the same species, that, unless fairly conclusive evidence 
were forthcoming of a close aflinity to another genus, or of the 
existence of features ifi the maxilla, which told against an affinity 
with Dryofithecus, I should feel fairly certain that the similarity 
mentioned between the mandible and the maxilla indicated specific 
identity. 

The only upper teeth of Dryopif/wcus known are the tw^o molars 
from the 8uabian Bolinerz of Melchingen, Jigured both by Branco ^ 
and Schlosser- and described in detail by the latter. One of these 
is almost unworn and shows the foldings perfectly; the other is 
badly worn. Certain details of the enamel sculpture are not as 
plainly shown on the Haritalyangar specimen as on the Bohnerz 
tooth, owing to tin' more advanced wear of the former, but, 
apart from minute differences, the two agree so closely as to 
make it fairly certain that they belong to the same genus. 

1 know of no other upper molars, which a))proach these at all 
nearly in structure. Those of Man anti the Chimpanzee are dis¬ 
tinguished by their much less complicated system of folds, especially 
in the hinder part of the tooth. Man and the Orang have 
distinctly broader molars, the excess of breadth over length being 
particularly marked in m^. The upper, like the lower molars of 
the Orang, are clearly distinguished from these by the profuseness 
of the wrinkles, with which the whole surface of tlie crown is 
covered. Gorilla approaches these teeth somewhat in the com¬ 
plication of the folds, but can easily be distinguished by the elevated 
cus})s and the deep furrows which separate them from one 
another. The molars of the Gibbon exhibit not only the same 

^ Branco, Die menschenahnliehen Zahno aus dcm Bolinerz dor sch wabisclien Alb. 
ilahresheft, d. Vereinn /. v>uter. Nahtr. Wnrltemburgy LIV (1898), pp. 1-144. 

» Schlosser, 1. o., p. 12.'). 

C2 
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deficiency of the main folds, which has been noticed in the case 

of Man and the Chimpanzee, but the secondary folding is almost 

entirely absent. The latter character prohibits any near affinity 

with Plurpithecus, Neoyithecus^ is known only by the last lower 

molar, but the smaller breadth index of this is indicative of 

narrower upper molars than is the case in Dryofitkecus. Its folds 

are also feebler. Griphopithecus ^ is clearly distinguished from the 

present specimen and from the upper molars of DryopitJiecm 

rhenanus, by its exceedingly large breadth index, by its very much 

simpler structure and by the absence of the fhier system of folding. 

Pithecanthropus has molars at least as broad as Griphopithems, 

Palwopithecus has a very massive hypocone, which, liowever, is so 

closely approximated to the protocone and to the ridge connecting 

the protocone with the metacone, as to leave no room for the compli¬ 

cated system of ridges and folds which Dryopiihrcus shows in this posi¬ 

tion. In consequence of this, also, the breadth index of the Pakeopi- 

thecus molar is considerably in excess of what it is in Dryopitlmnis, 

The badly worn condition of the maxilla of Palaopilhecus occa¬ 

sions a doubt as to the details and intensity of the sculpture, but 

it is likely that in the unworn tooth the cusps were liigher, the 

folding less, but coarser, and the enamel thicker than in the Hari- 

talyangar species. The differences in the premolars of Palavpi- 

thecus will be commented upon later. Sivapithecas alone remains ; 

this is known only by lower teeth, which are also little worn. 

Judging, however, by the massiveness of the cusps, the greater 

coarseness of the folds, the high breadth index and other mandibular 

features, which indicate a nearer affinity to Man than other apes 

exhibit, it is unlikely that the Haritalyangar maxilla belongs to the 

same genus as the Sivapithecus mandible. 

Having reached the conclusion that this maxilla belongs to the 

genus Dryopithecus, the differences from Dryopiihrcus rhemnus, the 

only species of Dryopifhecus, in which the upper molars are 

known, may be summed up as follows. The breadth index of 

the molars is greater. The cusps are probably lower. The outer 

cingulum is less clear. In the Haritalyangar maxilla the furrows 

on the outer cusps cross the edge of the tooth, and so produce 

in side view a serrated appearance, which appears to be absent 

from Dryopithecus rhenanus. 

* Neopitheeus-Anthrtypodua brancoi, Sohlosw, 1. c., p. 119. Abel, 1. c., p. 1173. 
*Abol, 1. 0., p. 1177. 
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We may now proceed to discuss the afl&nities of the premolars— 

the first upper preraolars of the genus Dryoyithecus, which have so 

far come to light. The most characteristic feature of these teeth 

is the existence of the two well marked central ridges which connect 

the inner and outer cusps. This character is quite in accord with 

the intensity and number of the folds which the molars of Dryopi- 

thecus exhibit. In Man and the Gibbon, there is no trace of them, 

the single central cavity being bounded solely by the anterior and 

posterior ridges, which form the front and back edges of the tooth, 

Pnlcpopilhecus seems to show a trace of the same striictui'e, so far 

as it is possible to make out the details on a crown that is nearly 

worn down. In Pal ao pith ecus, the anterior and posterior ridges 

arc on a distinctiy lower level than the middle of the tooth, as is 

the case in Dryopifherns, while in the raised convex median portion 

there is a faint furrow. I am not, however, inclined to think 

that either the central ridges or the median cavity were ever 

so pronounced, as is the case in the llaritalyangar maxilla. There 

seems to be an a])})roacb to the same conformation in pm'* of the 

Chimpanzee, though I have not. had the op})ortunity of examining 

an actual unworn specimen. In the Gorilla we have essentially the 

same structure, with the important difference that the two folds 

do not meet in the mid line of the tooth, so that the central cavity 

are less well defined. A trace of an analogous condition is, liow- 

ever, visible in the hinder ridge of the Haritalyangar premolars, which is 

bisected by a median furrow. As a whole, in the Gorilla the folds 

are not tluowii into such strong relief as is the case in Dryopithecus, 

due to the successive alternation of continuous ridges and deep 

hollows. Jn the Oratig the aiTangement of the main folds of the 

premolars is the same as in the present sj)e(dcs, l)ut the ridges and 

the central cavity are less clearly defined, on account of the com¬ 

plicated system of secondary folds and wrinkles, wliicJi arc absent 

in the fossil tooth. The breadth of both the preraolars is very 

much behind what obtains in PalwopiUtecus and the (Chimpanzee, 

though this measurement seems to be somewhat variable in the 

latter ; it is in excess of that of the ot|^er living apes and Man. 

The breadth index of pin^ in Dryopithecus is less than would be 

the case, were not the length increased by the prolongation of the 

antero-external corner. No anthropoid species has hitherto been dis¬ 

covered, which has its pm^ extended to such a marked degree at 

the antero-external angle, so as to be almost triangular in shape. 
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Such a pm^ occms in some of the Cercoyithecidaj, and an undoubted 

trace of a similar conformation exists in the Gorilla, and the 

Orang with even the small ridge on the outer cusp, to which atten¬ 

tion has already been called. Pm^ of Paliwirithecus^ though it has 

lost the major portion of its crown, is shown by what remains 

to have had (juite a dilTerent sha})e. 

Tlie three divergent roots of both the prcmolars are similar 

to those of the Orang, Gorilla, and Gibbon. The Chimpanzee has 

a three rooted pm'^ but its j)m^ has three roots only very occasion¬ 

ally. In Man both premolars have two parallel roots. The pre¬ 

molars of Palfvopuhecus have three roots, but they are more parallel 

than in Dryopithecus. 

Isolated upper molars. 
The last two sj)ecimens, which 1 have to consider under the head 

of Dryopithecus punjabicv.s, are Ind. Mus. Nos. i). 180 and D. 187, 

which were found in the Chinji zone of the Lower Siwahks near Ohinji, 

without any more exact record of their locality being preserved. 

No. D. 186 is a 3rd left upper molar and No. D. 187 one of the 

two left front molars. 

Front upper molar.—The dimensions of this tooth are : length !()■() 

mm., breadth 10-9, height 5*7, breadth index lOO-O. It is figured in 

PI. II, hg. 1. Though less worn by attrition during the animal's life 

than the Ilaritalyangar molars, it is not so well preserved, but in 

all essential respects, it resembles them very closely. The cusps 

are slightly higher, and they slope more steeply towards the 

centrum, and less stee})ly on the inner side of the tooth, so that 

they are rather more pyramidal in shape than in the maxilla. The 

two ridges, wliicli proceed from the ])aracone towards the pro¬ 

tocone and ])arallel to the frojit edge of the tooth, end in a small 

but distinct cus[), adjaceiit to and in advance of the protocone. 

This small cusp recialls that described by fschlosser" in an upper molar of 

Dryopithecus rhenanm. No doubt if the Haritalyangar maxilla were 

less worn a similar cusp would be visible. Even as it is, in certain 

lights there is a faint trace in the latter s})ecimen of a furrow in 

this position. The furrow^s on either side of the connecting crest 

between the nietacone and the protocone are rather deeper than in 

the Haritalyangar teeth, and the main furrow between the proto- 

cone and the hypocone is rather more intense. I do not, however, 

' Schlossor, 1. c., p. 125. 
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regard the differences as sufficient to prohibit the inclusion of it in 

the species Dryopitheem panjahkus. As its dimensions accord more 

with those of in^ in the Haritalyangar maxilla it is probably to be 

referred to that position in the jaw. 

The occurrence of an upper molar in the Oliinji area similar to 

the molars in the maxilla from the Simla region is interestinir as 

affording further testimony in favour of jeferiing the maxilla in 

question to the same species as the type majidiblc. 

La,si tipper nwlar. -The tooth, just (lescribed, is also important, 

for the reason that the features, which 1 have mentioned above 

as different from those of the molars in the jnaxilla, are shared 

by the isolated m" (1). 18ff), which does not carry on it the 

hallmark of identity with the maxilla. Herice any fcatur(‘., which 

this m’ shares in conmioii with D. 187, may be regarded as an 

argument in favour of assigning the foiinej' to the sj)ecies DryopitJwctis 

ptnijahictis. Still the reftnence must be regarded as (juite provisional. 

The tooth, which is represemted in Iff. 11, fig. 5, is not much 

worn, but the conditions of fossilization have not been sued) as to 

preserve the details of the sf)ecimen so well as the maxilla. The 

cusps are higher than those of the co-type, and more pyramidal in 

shape, ])ecause they slope inore abruptly to the centrum and less 

abruptly t owards the base of the crown. Its dinumsions are : length 

ff-() mm., breadth 11-3, height 5-8, breadth index 117-7. Its antero- 

])osterior, therefore, greatly exceeds its transveise diameter. The 

latter is greatest at th(‘ front of the tooth, and diminishes rapidly 

backward. 

The usual four main (•.ns]ns of the anthro])oid ii]>per molar can 

be (‘asily distinguished. 01 these, the juotocone is the largest, ihe 

paracone falling slightly behind it in ])oint of size. Both the 

metacone and hypocone are jnuch ieduc(‘d. The paracom>. has a 

ridge running backward and forward from the summit, and two well 

marked ones in the direction of the ]uotocone, of which the front 

one forms the anterior edge of the tooth. Hetweem these two ridges 

is a deep furrow, similar in character to that in the molars ot the 

Haritalyangar maxilla. Both of these ridges end in a secondary 

cusp, adjoining and in advance of the protocone. This is more 

distinct, but similar in character to the one, just referred to in the 

isolated m^ in precisely the same position, and recalls the similarly 

situated cusp described by Schlosser in the upper molar of Bryopir 
ihecus rhenanus. In the present tooth a furrow runs down the wall 
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of the crown, at the antcro-internal corner, between this secondary 

cusp and the protocone. 

The other folds on the paracone and protocone are very obscure. 

The rid/jje connecting the inetaconc with the protocone is cleft 

by two funows, both of which are inore deeply cut on the side 

which enters the main vaJley between the jnotocoiie and ])aracone, 

thus producing another secondary cusp in th(‘ very middle of the 

tooth. The hypocone is connected with the metacone by a single 

ridge, forming the posterior edge of the tooth, as in m“ of the 

Haritalyangar maxilla, and diiferent from rn^ of the same maxilla, 

where there is a double ridge. In the present tooth this ridge is 

cleft by two furrows, which unite into one towards the centrum, to 

form the valley between the hypocone and the connecting })rotocone- 

metacone ridge. These twa) furrows just cross the edge of the 

crown, thus producing a third secondary cusp, adjoining the hypo(H>ne 

and behind the metacone. ^The hy])ocone contains some addi¬ 

tional obscure* folds, which"'end in the^nmin'1 valley between it and 

the protocone-metacone connecting>Tidge. This latter valley dicho¬ 

tomizes into two furrows, in precisely the same manner as has been 

described in the case of the molars of the Haritalyangar maxilla. 

The foremost of these branches runs up towards the ju'otocone and 

again dichotomizes, the one of these secondary branches running 

into the furrow mentioned above, by w^hich the ])rotocone-metacone 

ridge is cleft, the other running to the inner edge of the tooth which 

it just crosses. The hindermost of the two branches of the main 

posterior valley runs vertically down to the base of the crown as a 

deep furrow, separating the protocone and the hypocone. On either 

side of this furrow, a cingular connection between th(' protocone 

and the hypocone is very distinct, far more so than the similar 

feature in m^ of the Haritalyangar maxilla. 

Comparing this tooth with the coirespondiiig one of other genera, 

it differs from Man and PUhecanthnrpvH by the much smaller reduc¬ 

tion. In both the Chimpanzee and Corilla, although the reduction 

of the hinder portion of m® seems, as a rule, to be no less than in 

this tooth, yet that reduction has not affected the metacone much, 

which is very much larger than it is in the Chinji tooth. This is equally 

applicable to the m® of Palceopithecus, M^ of the Orang approaches 

this somew'hat more nearly in structure, but the complex system 

of wrinkles in that genus prohibits any very near affinity. From 

the Gibbon as from Grlphopithecm it is distinguished by the absence 



Part 1.] Pilgrim: New Siwalik Primate.s, etc. 25 

of folding in those genera. The corresponding tooth from Chinji, 

which has been assigned to tlic^ new genus Palrrosimin, differs from 

this, both by its exceedingly strong series of wrinkles, and by its 

inferior breadth index. 

In conclusion the intensity and disposition of the folds of this 

tooth do not agree with any other genus so well as with pit keens ; 

moreover, the dimensions, as well as many details of structure, accord 

with those of the llaritalyaiigar maxilla and with tlie (■hinji u})per 

molar. I have, therefore, iiu hesitation in assigning it provisionally 

to the species Drifo^niheeus pnnjnbicus. 

DRYOPITHECUS CHINJIENSIS n. sp. 

Plate II. Fkjs. 6, 7. 

The type of this s])ecies is a last left lower molar, Ind. Mus. 

D. J70, figured in PI. Jl, fig. G, which was found in the Chinji horizon 

of the Jiower Siwalikv>, in the neighbourhood of (4iinji, by Sub-Assist¬ 

ant M. Vinayak Rao. 

Tt is with some doubt that J assign this t.ootli to the gcuuis 

Dn/opilkeeiis, since its cus})s are rather higher than oni*. would 

expect, »)ut as its other characters do not seem to ally it tf> any 

other genus and art* closer to those of I)rt/opi(hccns, 1 propose to 

provisionally platie it here. 

Its dimensions are as follows : length 14-7 nim., breadth 12*7, height 

7*8, breadth index HG-l. The greatest breadth lies in the anterior 

portion of the tooth, but it hardly begins to dijuinish a})preciably 

until the liinder third, differing in Ihis respect from I), punjabicus. 

The hypoconid, thus, does not lie internally to the protoconid, but 

on the other hand the mesoconid is more displaced from the line 

of the other two external cusps than is the case in the last 

species : in this respect it recalls D. rlicnanus. The folding 

of the enamel is fairly distinct on the internal cusps, but has 

been largely affected by wear on the external ones. The meta- 

conid is the largest of the cusps, but the other four cusps are appro¬ 

ximately ecpial in size ; thus, the cntoconid and the hypoconid are 

larger than in D. punjabicus, again showing a greater resemblance 

to D. rhenanus. The cusps slope gently towards the centrum, but 

more abruptly towards the sides of the tooth, much more abruptly 

on the internal than on the external side. There is a distinct 

cingular connection between the protoconid and the hypoconid, 

situated about half way down the base of the crown, though not quite 
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so broad as in 1). ponjahivus, and the faintest trace of one 

between the hypoconid and the mesoconid. There is a small 

secondary cusp between the entoconid and the mesoconid, but 

it is not pf)ssible to say that there is one between the metaconid 

and the entoconid, although a short furrow on the metaconid in¬ 

dicates a region, which corresponds to the secondary cusp in D. 

punjabicus. 

Two parallel ridges connect the protoconid and the metaconid, 

one along the front edge of the tooth and the other immediately 

behind it. The cavity between these two ridges is a slight one. Be¬ 

hind this again there are three other folds on the metaconid ; the 

furrow, associated with the middle one of these, just passes over the 

edge of the crown and ))rodiices a serration in side view. Traces of 

four folds are visible on the entoconid. The furrow, whi(‘h separates 

the hinder secondary cusp from the entoconid, is only faintly visible 

in side view. 

The breadth index of this tooth agrees very well with that of 

Dryopitheeus, being a little higher than /). rhenanus and punjabicus, 

though not so high as in D. darwmi. 

The only other genus with which it juight be compared is Sivapi- 

ihecm, with which it agrees in the height of its cusps. The much 

higher breadth index of m.^ in that genus is sufficient to distinguish 

it, together with its greater simplicity both as regards folding 

and general structiue o[ the tooth, the smaller size of the metaconid, 

and the more backward position of the mesoconid. 

It can be distinguished from Dryopithecus fontani, in which the 

cusps are higher than the other species of Dryopithecus, by the more 

inward position of the mesoconid and the smaller cingulum. From 

this, as well as from every other species of DryopUhecus hitherto 

known, it differs by its greater absolute dimensions. 

I have in my collectioji from the Lower Siwaliks of Chinji two 

lower molars, (Ind. Mus. Nos. D. 380 and i). 181), of which the 

former is figured in Plate 11, fig. 7, which seem to belong here. They 

are, obviously, front molars, both on account of their shape and on 

account of the presence of facets of wear on the hinder as well as 

the anterior wall of the tooth. 

Their dimensions are as follows:— 
D. 180. D. 181 

Length . . 11-4 11-7 
Breadth . . . 10-0 10-2 
Height . . . t)-7 6-2 
Breadth index . . . 87-3 87*1 
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The cusps of the former of these teeth are too high to permit 

us to assign it to the species /). jnmjabwus. Moreover, its simpler 

structure, the absence of a ciiigular shelf between the outer cusps 

and its higher breadth index militate against the j)ossibility of its 

being mg of that species. Its greater absolute size, apart from 

the other differences mentioned above, would prevent us from con¬ 

sidering it as ni^ of DryopUhecus punjabicus. 

From its general character and breadth index it might well be 

the left m^ of Dryopithecas chlnjtensis. It is a little smaller than 

one would perhaps have expected, but the dimensions of of 

Sivapitliecus bear almost the same ratio to those of ul as is the 

case here. 

The second tooth is on tJie right side and is in an extreiiiely 

advanced stage of wear and beyond the fact that it agrees perfectly 

in general structure with the last s})ecimon, nothing more can be 

said about it. It seems to have belonged to a larger individual 

than the owner of D. 180. 

DRYOPITHECUS CilGANTEUS n sp. 

Plate II. Fn;. 8. 

The isolated tooth (Ind. Mus. 1). 175), ligured in PI. 11, lig. 8, was 

obtained from a bed of creanj-coloui’cd, concretionary sandstone on the 

northern edge of a hill, which is situated close to and north of the 

small village of Alipur in the eastern part of the Salt llange area 

on the south-eastern flanks of Diljabba ridge, on the meridian 

73*^ 14' and is therefore 3 miles north of the map, which accom¬ 

panied the author's paper on the Correlation of the Siwaliks with 

Mammal horizons of Euro])eC 

It is very near the boundary between the Lower and Middle 

Siwaliks, but as the typical red conci’ctionary beds of the (linji zone 

are well exposed below the bed in which the tooth was found, and 

as this bed does not differ materially from certain beds of the Middle 

Siwaliks at Nagri, 10 miles east of Chinji, 1 have little hesitation in 

assigning it to the Nagri horizon of the Middle Siwaliks*-^. 

The specimen is merely the crown of a tooth, without an}" roots 

attached thereto. Its dimensions are as follows : length 19-1 mm, 

1 Pilgrim 1. c. PI. 27. 
« Pilgrim 1. c. p. 267, 318. 
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breadth 15*3, height 8-5, breadth index 80*1. It is, thus, much longer 

than broad and contains the five typical cusps of the anthropoid 

lower molar. It does not taper at all within the limits of the two 

external or the two internal cusps and only very slightly on the 

external side at the level of the mesoconid. It is thus almost a 

rectangular tooth. The cusps descend steeply to the base of the 

crown on the internal side and more gently on the external side. 

From both sides the descent to the centrum is gradual. 

Of the main cusps the metaconid is the largest and highest, the 

protoconid and hypoconid are about equal in size and height, the 

entoconid is a little smaller, and the mesoconid is the smallest of 

all. The general height of the cusps is slightly in excess of what 

is probably the case in Drynjiilhecus qnmjnhicus, but in defect of D. 

chinjiensis. There is no trace of a cingulum or of a cingular con¬ 

nection between tlie outer cusps, the furrows between them as 

between the other main cusps being deep and running right down 

to the base of the crown. 

In its general structure and the nature of the enamel foldings, 

this tooth can be easily seen to correspond fairly exactly with the 

sj)ecies Dfjio'pilhecus 'punjahiem and, as far as I can judge, with the 

other previously described species of that genus. The secondary 

cusps, which Schlosser has described for I), rlierianm and Abel for 

I), darwini, exist in this tooth as what may be described as a series 

of small cusps or in the case of the hinder, between the mesoconid 

and the entoconid, as a crenulated ridge. The appearance of this 

tooth in side view is, in fact, almost identical with the correspond¬ 

ing one in 1). pimjabic/iis, excej)t that here four crenulations are 

visible instead of three. This tooth is, no doubt, less affected by 

wear than those of D. pimjabicus, and its greater absolute size 

also tends to make the wrinklings appear stronger than they other¬ 

wise would; still there seems no doubt that the folds and furrows, 

though occupying precisely similar positions to what they do in D. 

punjabicitSy are both more numerous and more intense than in the 

latter species. 

The specimen must be the last right lower molar, both because 

of its shape and the absence of any posterior facet of wear. 

It is very considerably larger than any hitherto described species 

of DryopithecuSy but it does not seem possible on that account to 

separate it from them generically. 
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Its low breadth index separates it from every other ^enus except 

Neopithecus and PUopithecus. The m^ of the former is still more 

elongated than in my specimen and differs besides by the much weaker 

cusps and folds. The latter genus differs by the entire absence of 

wrinkling and by the strong cingulum. 

Mg in the Gorilla, besides being broader, has much liigher more 

isolated cusps, inucli fewer wrinkles and generally a more simple 

structure. 

By its size alone it can be distinguished from all other species of 

Dryopithe^us. It seems to agree more nearly with D. fontani, bv 

its rectangular shape, its higher cusps and its crenulated internal edge. 

The mesoconid in m^ of that species is, however, iTJore in a line 

with the protoconid and the hypoconid than in D. (jiijcmleus, and 

there is a distinct cingulum in the main ty])e of Z>. f(mtani. 

From V. darwini my species differs by its absence of backward 

taper, and of a cingulum as also by its more elongated shape, the 

greater fre(|uency of its main foldings and the greater inward dis¬ 

placement of the mesoconid. 

The breadth index would seem to approach more nearly that 

which obtains in D. rlicnanus, but in that species nig tapers more 

and the mesoconid is more inwardly displaced, while the folds appear 

to be less numerous than iji Z). (jigafiteus. The sub-triangular shape 

of D. punjabiem, its greater breadth index, its lower cusps and 

the cingular shelves are the most noteworthy ])oints of difference 

from D. (jujanteus. 

Z). chmjiemis differs by its greater breadth index, its higher 

cusps and its altogether simj)ler structiue. 

PAL/COSIMIA RUQOSIDENS n gen. n. sp. 

Plate II. Vuu 9. 

' This genus and species is founded upon a last; right upper molar 

(Ind. Mus. D. 188), figuied in Plate 11, fig. 9, which Avas obtained 

from the Chinji zone of the Lower Siwaliks in the neighbourhood of 

Chinji, though its exact locality is unknown. 

Its dimensions are as follows, length 1()*8 mm, breadth 11-9, height 

6*3, breadth index 1101. The tooth is broadest in its front portion 

and diminishes fairly rapidly backward, both inner and outer sides 

converging at approximately equal angles. The four main cusps of 

the anthropoid upper molar can be easily distinguished, the largest 
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being the protocone, the paracone falling considerably behind it in' 

point of size ; the metacone is somewhat smaller than the paracone, 

while the hypocone is much reduced. The crown is but little 

worn and the sculpture of the surface is perfectly preserved. 

It will be most convenient to compare this tooth with the isolated 

last upper molar (Ind. Mus. No. I). 186), which has been described 

under the head of Dr yoy it keens yunjahicus (p. 23), and I may at 

once say that the questioii of referring these two teeth to the same 

genus has been strongly in my mind, and has caused me a consider¬ 

able amount of hesitation. 

The two anterior transverse ridges, connecting the protocone and 

the paracone, are present and end in a ilistinct cusp in advance of 

the protoeone. The front one of these ridges is slightly crenulated. 

The paracone has live strong folds in addition, and each of these has 

numerous crenulations across it. The protocone has an additional 

four, the metacone seven, the hypocone two and all of these have 

the same cross crenulations. The connecting ridge between the 

metacone and the protocone is cleft by deep furrows, which separate 

its median portion as a distinct central cusp even more markedly 

than in the of Dryopitkecus punjabicus referred to above. This 

also possesses folds both in front and behind. There are two cre¬ 

nulated secondary cusps behind, between the hypocone and the 

metacone. All the cusps are low, but, in spite of the numerous 

secondary folds, the main boundaries between them can be distin¬ 

guished better than in the Orang. The furrow between the proto¬ 

cone and the hypocone only just crosses the edge of the tooth, and 

is no more pronounced than those ))etween the two hinder secondary 

cusps or the furrow separatirig them from the hypocone. 

Thus it will be seen that the characteristic feature of the ])resent 

tooth is the number and inteTisity of the wrinkles on the enamel 

surface. In this respect it can only be comj)ared with the Orang 

among recent or fossil anthropoid genera. It seems to me quite 

impossible that the m^ (No. D. 180), referred to above, could have 

possessed so strong or so numerous wrinkles. The general struc¬ 

ture of the two teeth is rather similar, but the same might be said 

of the Orang, which in regard to the character and arrangement of 

its folds is nearer to Dryopithecus than to any of the living genera. 

Certain jather differences, moreover, seem to support the view that 

the two teeth belong to generically different animals, and that the 

present genus was derived from a hypothetical marginal species of 
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Dryopifhecus. perhaps somewhat nearer to D. darwini than to the 

later species, and in any case with characters approximating more 

nearly to those of the Orang. 

These differences are as follows :— 

(1) The breadth index of this tooth is very much greater than 

that of No. 1). 18G. 

(2) The protocone is much larger proportionately, while the 

metacoiie is not so reduced. 

(3) Corresponding to the reduction of the m(*tacono in D, 

punjabicus, the outer edge of the to(»th runs inward much 

more o])li(]uely than is the case in the ])resent specimen. 

(4) The cingular connection between the ))rf>tocon(‘ aiid the hypo- 

cone in J). punjahicus is wanting in the pres(Mit specimen. 

(5) The inner c^dge of this tooth forms a sharp rounded curve 

extendirig from iVont to hack, much as in the Drang. 

This edge of the nr* of iJryopifhecus putijahicas is juactically 

straight. 

PAL/COPITHECUS SIVALENSIS, Lydekker 

1S70. i^<ila‘oplt]nrsirnU'hsin Liirih(‘r of Siwalik .M.irnnuili.i., live. 
(fVitl. Siirr. hid., XII, p. .TL 

J88G. Troylodf/lvs I^ydc^kKor, liulian Tialiarv and Post-'rnli.uy Wih'Urata 
PaL fnd , s(‘r. X, v<»l. IV, pL I, j). 2. 

J897. P(daopifhvct(.^ sivaivn.si.s |)ul>ois, lUdn'r dnd aiiKgostorlunw MtnsclninilLn, A%'#/rv 
,)f,hth. f. OVo/. N. /V,/. Nliitlgarl, vol. I, p. 8f. 

The maxilla, on which the present, species Mas founded, has been 

described both ])y Lydekker and Dubois. The latter writer (jues- 

tioned Lydekker’s later attribution of the sj)ecies to tin* same* genus 

as the (3iimpanzee and resuscitated his earlier generic name. I have 

carefully examined the specimen ami remeasured it, with the result 

that 1 entirely agree with Dubois as to its claim to generic distinct¬ 

ness. 1 may add that my measurements of the individual teeth have 

been made for each tooth separately without regard to its relation 

to the other teeth in the series; they are taken in tb‘ direction wdiich 

anyone would naturally adopt, supposing they were isolated teeth. 

In this way they should be more accurately comparable with the 

numerous anthropoid teeth which are found detached from their 

mandible or maxilla. The measurements are tabulated, for comparison 

with other genera, on page 68. I may also remark that all the teeth 

are so much worn that it seems unfair to base any conclusions either on 

the apparent lowness of the cusps or the absence of crenulatiou on 
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the enamel. I should, on the contrary, conclude from the few traced 

of sculpture still left on the left m^ and by the general appearance 

of the teeth that in both of these respects they do not differ at all 

from Sirapithecus and early types of Man. The cusps are, therefore, 

higher than in most species of Dryopithecus, while the folding is 

])robably coarser than it is in that genus, though not so complicated. 

The differences of Palceopitheeus from the Chimpanzee may be 
summarized as follows :— 

(1) The palate is narrower than in the Chimpanzee. 

(2) The molars and premolars are broader in projjortion to their 

length ; this breadth is especially noticeable in the front 
portion of tlie series. 

(3) In spite of the breadth of m^, the degeneracy, as estimated 

by the disappearance or reduction of the hy})ocone, is less 
than in the recent genus. 

(I) In Falwopitlwcus both prn^ and pm^ are 3-rooted. In the 

Chimpanzee pm^ is never 3-ro()ted and pm*'^ only occa¬ 
sionally so. 

(5) The height of the cusps is probably greater than in the 
Chimpanzee. 

(6) The crenulation of the enamel is ])robably much less than 

in the C'himpanzee, although it is coarser. 

(7) The incisors are smaller than in the C'him})anzee. 

(8) In pm^ of Palavpitlurm the ridges are f)robably more con¬ 

tinuous ac.ross the crown of tlie tooth than in the Chim¬ 
panzee. 

(9) The canine is larger in Palwopithecus. 

(10) In Pakropifhecus the line of the teeth is not convex out¬ 
wardly as in the Chimpanzee. 

(II) The two premolars lie inside the line of the other teeth, 

and the configuration of the maxilla above them is more 
like that in Man than the Chimpanzee. 

From Man Palwopilhecm differs in many res})ects of whicli some 
of the most important are the following:— 

(1) The narrow palate. 

(2) The greatly inferior breadth index of m^ and m^ due to the 

degeneracy of these teeth in Man. 

(3) The gieater reduction in length of the front portion of the 

molar-premolar series in Palwopithecus. 
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(4) In Man both the premolars are 2*rooted teeth. 

(5) The preinolars though broad, are more complicated in Palceo- 

pithecus than they are in Man. 

(G) The much greater size of the canine in Pahvcypitheciis. 

(7) The more forward position of tlie incisors in Palwopilhecus 

aiid consequently the iiiiich slighter concavity of the frojit 

portion of the palate. 

Palcpopithecus is more iioarly allied to Drijopithecm than to either 

Man or the Chimpanzee. Its narrow palate and its small incisors 

resemble very closely these parts in Dryopithecus. Differences from 

Bryopithecus may however be seen in the following particulars : 

(1) The greater breadth index of the molars and juemolars’ 

more particularly marked in the front molar and the two 

premolars. 

(2) Probably the cusps in PaUvopithecus are higher and tln^ 

folding of the enamel less complicated, though coarsei' 

than in most species of Bryopithecus. 

(3) If the m^ (Ind. Mus. No. D. 186) is correctly referred to 

Bryopithecus then Palceopithecus differs by the greater 

breadth of the posterior portion of that tooth and by the 

larger metacone. This tooth is in fact more degenerate 

in Bryopithecus. 

Palccopithecus differs from both the Orang and the Gorilla by the 

large breadth index of the front molar and the two premolars, while' 

the former of these genera can be distinguished by the number and 

intensity of its enamel folds, and the latter by its high cusj>s sepa¬ 

rated by deep furrows. 

Differences from the Gibbon may be found in— 

(1) The greater breadth of the teeth. 

(2) The more complicated although broader premolars. 

(3) The absence of wrinkling from the teeth of the Gibbon. 

(4) The cusps in Palwopithecus are probably higher than in the 

Gibbon. 

(5) The palate in Pakwpithecus is much narrower. 

(6) M® in the Gibbon is more degenerate than the corresponding 

tooth in Palccopithecus. 

The differences of Palcpopithecas from Sivapithecus will he de 

tailed under the head of the latter genus. 

D 



36 Records of the Geological Survey of India. [VOL. XLV. 

so that the angle included by the two mandibular rami would be 

larger and therefore the distance between them greater than in any 

hitherto known genus of anthropoid ape, the structure in fact 

approaching what we find in Man. 

Possibly, though not necessarily, correlated with this structure 

is another feature of the mandible of the Chinji genus. This is 

the shortness of the mandibular symphysis. Although the sym- 

physis cannot be actually seen, yet the portion of the ramus left 

below piUg is sufficiently great to make it certain that if the sym¬ 

physis had extended back as far as in the Orang, the Gorilla, the 

Chimpanzee or even the Gibbon it would have been evident in our 

specimen. The inward curvature of the base of the ramus does 

not begin until a level midway between pm^^ and pm^, whereas 

in the living anthropoid apes it begins opposite to m^, or even 

behind it, although the curvature is more gradual in the case of 

the Gibbon than in the others. 

When such a condition coexists with a more inward position 

of the canine, which implies a backward shifting of the entire incisor 

portion of the jaw, it is evident that the conformation of the sym¬ 

physis in the genus Sivapithecus must have more nearly resembled 

that of man thiin of any other of the genera of anthropoids. 

Fig. 1. Ideal restoration of the mandihle of Sivapithecus indious, in left side view : 
about two-thirds natural size. 
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An ideal restoration of the mandible of Sivafithecus is shown in side 

and surface view in figs. 1 and 2. It should be clearly understood that, 

this is not intended to represent any specimen, but is merely an attem})t. 

to embody the conclusions at which I have arrived after a study of the 

actual Chinji fragment, considered in the additional light of the two 

fragments obtained from Haritalyangar, which are described on pages 

42 to 46. My conception of the jaw to which the type ramus may have 

belonged can be conveyed more readily by a pictorial illustration of 

this kind than by a verbal description. I have, however, no wish to 

insist on the details of the restoration, which from the fact that the. 

specimens on which it is based do not all belong to the same individual 

and probably not to the same species, could only by a coincidence be 

absolutely correct. 

Fig. 2. Ideal restoration oi the mandible of Sivapitheous indious, view from above 
about two-thirds natural size 
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The reconstjuction of the angle and ascending ramus of the jaw 

is iniagiiiarv. Their size and general structure are mainly based on those 

of Heidelberg and Cdiapelle-aux-Saints ; indeed one would expect a 

f*()nsid(u*ahle extent of surface for the attachment of the powerful mas¬ 

ticatory muscles wliich such an animal must have possessed. 

In the ease of Dryopithecas the symphysis is well known to 

hav(‘ extended furthe?’ back than even in the Orang. The symphysis 

of Pliopilhecas is eijiially well known to have extended as far back 

as m^. Paktcopilherus from its palatal structure is most unlikely 

to fiave had a sliort sy?n])hvsis. 

The symphysis iii Eoanflrropus, as is clearly shown in Smith 

Woodward’s restorafion of the Filtdown mandible^ must, certainly, 

have been longer than in the (-hinji specimen, as the actual symphy¬ 

sis a[>])ears to ha\'e ('^tended back to tlie level of the middle of pm^ 

while the inward cmvatuiH', of the ramus began still further back. 

Thc^ actual length of the symphysis in Eoanthropm would seem to 

hav('- exceeded that of the Gibbon, although the inward bending 

of the ratnus begins further back in the latter genus. This abrupt 

})assagc of the ramus into the symphysis and the accompanying 

absence of any sort of shelf internal to nij and pm^ are features shared 

alike by Eoanthropns and Sivapilliecus and arc, no doubt, to be 

coj'related with the greater breadth in the anterio]* j)ortion of the 

jaw. The latter charactei’ is evidently a later development as it 

is certainly not primitive. Hchlosser considers that the sym})hysis 

in Proplio'pdhcciis j)i()babl>^ only extended back as far as the canine.- 

We may, however, gather that the jaw of PropliopitJiecus was 

extremely narrow in front, as was the case with the better known 

Ph'opithec'us from the middle Miocene, and therefore presented an 

entirely different appearance from that of the mandible of Sivapi- 

ihecus. 

We may now pass to the structure of the individual teeth. 

Lasl lower molar.-—The dimensions of the isolated tooth (Ind. 

Mas. 1). 176), figured in FI. 1, fig. 7, arc ; length 14-3 mm., breadth 

13*4, height 7*3, breadth index 93-7. The dimensions of the in 

the t\^pe mandible as calculated from the alveolus are length 14-5, 

* Smith ^^’()od^vard. Di'scriptioii of a Palatjolithic human skull and mandib o, from 
Piltdo\\iu Sm-.sex. Quart. Jour. Gcol. Soc. Loud., "vol. LXIX (1903), pp. 133—13& 

* Schlo«s(*r, Boitriige zur Ktmntuiss der oligociinen Landsaugothiero aus dom Fayum 
Agypte.li Beitr. z. Pal. u. Geol. Oat-Uny., Vol. XXIV (1911), p. 52. 
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breadth 13*4, breadth index 92-4. These are near eiiouij;li to amount 

to evidence in favour of the isolated tooth belon^ino to the same 

species as the mandible, especially when both exhibit a breadth which 

is found in the nig of no other anthropoid except Man and the 

Gibbon. The roots in this tooth are not only long and large, but 

they show no tendency to diverge ; on the contrary tlieir great 

development seems to have led to a certain tendency towardvS fusion. 

The surface, though not much worn by attrition, has been corroded in 

the course of fossilization, so as to obscure the liner sculpture of il.s 

surface. The tooth possesses the usual five cusps, of which the 

hypoconid is the largest; next to this in size comes the metaconid ; 

the protoconid and entoconid are about equal, and the smallest of the 

five is the mesoconid. The broadest part of the tooth is opposite the 

hypoconid, thence it narrows slightly in front and ra])idly behind. TIk^ 

mesoconid is very considerably displaced to the inside of the line 

joining the protoconid and hypoconid. thus presenting an ap[>earance 

entirely difEerent to that of the Gorilla, Orang, DrffopltffccHS^ Pllopitlir- 

can and Neopithecua. Jn Man and the Gibbon the mesoconid is fic- 

quently wanting, and in the Chimpanzee is minute, but where, as in 

some of the lower races of mankind, a 5th cusp is present, then the 

general aspect of the tooth most resembles that of Man, except for 

the larger actual dimensions, the main cusps and the furrows being 

more pronounced than they arc either in the Gibbon or the Chim> 

panzee. Though the details of the tooth are obscure, it is evident 

that there wa§ a valley in the front of the tooth, just behind and 

parallel to the anterior edge, and a small cavity behind, between 

the mesoconid and the entoconid. 

Second lower molar.—This tooth is almost a replica of m.^, exce])t 

for its inferior length and its greater proportionate breadth. Its 

dimensions arc : length 13*0 mm., breadth 12*3, height 7*2, breadth 

index 94*b. The breadth of the tooth is no greater at the hypoconid 

than at the front of the tooth and the hypoconid is rather weaker 

than in m.,. On the internal half of the tooth the ornamentation is 

fairly distinct, while on the external half the surface has been 

corroded just as in nig. 

Two parallel ridges unite the protoconid and the metaconid, as 

is the case in Dryopithecus, but the cavity between them is by no 

means so pronounced as it is in that genus. An additional fold 

is seen on the protoconid, behind these, running to. the centrum, 

while on the metaconid are some five short coarse folds: the 
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entoconid has also a few short folds. There are no secondary cusps 

and no cin^mluni. 

First lower /woW.- -This tooth has suffered more from attrition 

than the ones behind it, so that even though the entoconid and 

the hinder portion of the metaconid have escaped corrosion, the 

furrows which once existed on them have been worn away. Its 

dimensions are : length 11-5 mm., breadth 10*6, height 6-2, breadth 

index 92*1. This tooth is thus both shorter and narrower than 

JUg or m.^. 

Last lower prenfolor.— -The. dimensions of this tooth are : length 8-5 

mm., breadth 9*9,1 height b-5. It has two divergent roots in which 

respect it differs f]*om the corresponding tooth of Man, which has 

only a single root, aiid that of the Chimpanzee, where the two 

roots are more or less fused. The outline of the tooth forms 

roughly a parallelogram with a convex outer side. It consists of 

an inner and an outer cusp, each with a ridge running backward 

and forward. The cusps are united by three transverse ridges, of 

which the foremost and the hindermost form I'cspectively the front 

and back edges of the tooth. Tlie middle ridge is cleft by a 

furrow. Tiiere is nearly twice the distance between the front ridge 

and the second one as between the second and the third. The 

hinder ridge also stands at a lower level than the others, the 

antero-posterior ridges sloping down from the summit of the cusps 

to meet it. 

Alternating with the ridges are two cavities of which the fore¬ 

most is smaller and shallovrer than the hinder one. The latter 

is not only deeper but stands at a lower level than the rest of the 

crown. A small fold runs into the front cavity from each of the 

cusps. The hinder ridge and the cavity in front of it may be 

known as a talon. 

This tooth differs markedly by its greater breadth in proportion to 

its length from the Gorilla, Orang, Gibbon, Dryopithecus and 

Pliopilhccus. Man does not differ from it so much as the other genera 

mentioned, but the difference is still marked. The Chimpanzee 

varies, but its pm^ has often an extremely high breadth index. 

The nearest resemblance in structure to pm^ of Sivapithecus is, 

however, to be found in the corresponding tooth of the Gorilla. 

1 The breadth of pin4 has been measured at right angles to the axis of the jaw, which 
at this point bends outward, away from the moliir portion. If it were measured at right 
angles to the axis of the molrrs the breadth would be 10‘4 mm. 
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The higher breadth index distinguishes Sim'pithecus, although the 

recent genus seems subject to some variation in this character. 

The two inner angles of the tooth in Sirapithecus are less rounded 

than in the Gorilla, and in the recent genus the talon is more 

pronounced, therein approaching the Orang, C^himpanzee, Gibbon, 

Dryo'pithecus and Pliopithecus. The length of the talon and the 

corresponding length of the tooth is evidently a primitive con¬ 

dition, which is seen even more plainly in the catarrhine monkeys, 

in which the talon consists of two distinct cusps. Simpithecus, 

therefore, shows a distinct approximation to Man. 

Front lower premolar.- As this tooth is known only by its 

alveolus, it is impossible to form very exact conclusions as to its 

structure. It was of considerable size and two-rooted, the hindermost 

root being as broad as the posterior root of pnij and equally com¬ 

pressed antero-posteriorly. The foremost root is on the contrary 

compressed transversely and is situated to the outside of the hinder 

root to the extent of half the long diameter of the latter. The 

antero-posterior diameter of the tooth as estimated by its roots was 

approximately J2 b mm. This tooth thus seems to agree in shape 

with that of Dryopitliecus and the Gorilla. The pm3 in the Orang 

is rather shorter, and the anterior root is situated further to the 

outside of the posterior root. 

In the Chimpanzee this tooth is smaller in proportion to the 

rest of the dentition, and the two roots have a tendency to fuse; 

the anterior root, however, lies less to the outside and its breadth 

index in this genus is, therefore, lower than in the others. In the 

Gibbon the anterior root is only slightly displaced to the outside 

of the posterior one and pm, is therefore longer and narrower 

than in any of the others. In Man, however, the breadth index 

of pmg far exceeds that of any of these other genera and in him 

alone, moreover, it is one rooted and approximately rectangular. 

The lower canine.—This was evidently a large tooth, the diameter 

of its alveolus being about 10 mm. There is no diastema between 

it and pm^ and it lies wholly on the inside of that tooth as men¬ 

tioned before. 

Since the preceding portion of this paper was written, in fact, 

Additional specimens when the whole of it had been already sent to 
from Haritalyangar. press, two additional fragments of a Prinjate 

mandible were discovered amongst the material which Sub-Assistant 

Vinayak Rao collected at Haritalyangar in beds which probably 
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belong to the Nagri zone"^ and are, therefore, slightly newer than 

those of C'hinji, whence the type mandible of Sivapithexiis indicus 

was derived. 

There seems little doubt that these belong to the same genus 

and possibly the same species as the Chin ji types, but in that case 

tlieir owner must have been a slightly larger individual than the latter. 

It is worth noting as evidence of the absence of bias that before 

the existence of them was known to me f liad provisionally referred 

a lower nij obtained at Haritalyangar to the same species. 

Although the recent discovery has hardly necessitated the altering 

of a single word, yet its importance can not be overestimated, 

as contirming the conclusions drawn from my examination of the type 

tnaridiblc, and disj)osing of any objections, which might conceivably 

have been raised to them on the score of tlie sj)ecimen being patho¬ 

logical or deformed by [)rcssure. 

Symphysis. 

The first of these additional specimens (Jiid. Mus. 1). 189) is 

a portion of the left ramus of tlie mandible, containing the canine, 

the roots of two incisors and of the fronl; pjeinolar, and showing the 

front and back suifaces of the svmphysis. being broken at the base 

36'h jnm. below the base of the (aown of the canine. The correct 

orientation of the fiagmejit in the horizontal plane is settled by 

the position of the root of the fiont incisor, and in the vertical plane 

by the base of the crown of tJie canine, apart from the analogy from 

all other Primates in regard to the direction of the cus]) of the canine 

relative to the horizojital axis of the jaw. In considering the Chinji 

ramus and the Haritalyangar syjnphysis as parts of tlie same mandible, 

there is a limit to the amount of forward tilt, which can be allowed 

to the canine in the latter, determined by the position of the canine 

and the curve of the inner side of the ramus in the former of these 

two fj’agmeiits. In coiistnictiiig the ideal restoration, figured on 

pages 30 and 37, this limiting value has been chosen. We gather, there¬ 

fore, that not only was the backward slope of the hinder symphysial 

surface very slight, with an entire absence of any shelf and passing 

abruptly back laterally into the body of the jaw, but also that the 

front surface of the symphysis was almost vertical for a considerable 
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distance. At the very margin of the fragment, there is the slightest 

indication of a backward curvature. This front surface from the canine 

to the front incisor is shghtly concave both laterally and vertically. The 

angle between this latter portion and the side of the ramus adjoining pm., 

forms an obtuse angle, considerably removed from the right angle which 

we iind in the anthro])oid a})es. The a])proach to a human conforma¬ 

tion of this paj't of the jaw may be realised wJieii it is stated that the 

anterior root of pm.^, the front half of the canine, and the second 

incisor are in a straight line, forming an angle of only 20° with tJie 

line joining corresponding points on the two rami, as against the cur¬ 

vature of this line in the anthroi)oid apes, with an approximate average 

value of for the sajiie angle. There is a ])roininent foramen 

in front, near the median line, about 19 nun. below the approximate 

position of the neck of the first incisor. Such a foramen is oc.(U.si(ai- 

ally found in tiie Orang about halfway between the tooth alvt‘.oli and 

the base of the jaw. 

On the hinder face of the syjuphysis about 19-5 mm. below the 

base of the crowns of the front teeth the surface caiiwes baeJeward 

slightly towards the median line of the symphysis. In following the 

surface vertically froin above downwards, near the }ne(lian line it 

takes a slight be/id backwards at the same j)oint, but below this 

it evidently bends forward again, as can be seen from tlic surface 

of th(' jaw ])reserved nearer the basal margin but a little to the left 

of the median line. This would seem to indicate the presence in 

some degree of. a sjnna numlalis in this position, similar to that of 

modern Man, but in any case a cojiformation of the hinder face of the 

symphysis altogether different not only from the apes but also from 

that of the famous Heidelberg mandible. This is sliowji in fig. 1 d of 

PI. 11. 

From the above it is evident that the rami must- have diverged 

very considerably, in as great a degree in fact as in Man. The last t-wo 

molars, as showm by the type mandible, do not lie within the line 

of the other teeth as they do in man. Consecj uently the distance 

between the condyles must have been considerably greater than 

ill any human jaw. 

The depth of the symphysis and of the jaw, at all events in its 

front portion, is, thus, very great in proportion both to the size of the 

molars and to the united length of the tooth series in the type ramus. 

This is entirely in accord with the inference drawn from the low 

position of the mental foramen in the type ramus, with reference to 



44 Records of the Geological Svrvey of India. [VoL. XTjV. 

the base of the crowns. This is one of the characters of the mandible 

of Krapina man. in which this dimension is much in excess of what 

obtains iu other paheolithic types. It is noticeal)le that Krapina 

man also agrees with Hivapithecus in regard to the distance between the 

condyles, in which, however, it falls consiclera])ly short of the fossil 

Indian genus. 

The stoutness of the jaw, as measured by the ratio of the height 

at the mental foramen to the thickness at the same point, is rather 

less than the mandibles of Chajielle-aux-Saints and Heidelberg. The 

former of these two measurements in the Haritah^angar species can 

hardly be more than 39 mm. and the latter is about 19 mm., which 

gives the ratio as 48*7 compared with 52*9 for the Heidelberg jaw, 50 

for that of Krapina and 42 for that of a modern negro.^ 

Lower canine.—The lower canine is a conical tooth, having the fol¬ 

lowing dimensions : height of crowm 19-0 mm., length 13-9 mm., breadth 

10-2 mm. It more nearly resembles the lower canine of the Gibbon 

than that of any other anthropoid known to me; there is a very 

distinct indication of a posterior cusp or heel, although the hinder 

edge of the tooth is so deeply worn by contact with the upper canine 

that it is impossible to say exactly how prominent this cusp was. The 

external side of the root, however, exhibits clearly a hollow which is 

continued up the crown, pointing to the former existence in some 

ancestral type of a strongly developed hinder cusp on a separate root. 

Such a heel is present in the Gorilla, the Orang and the Chimpan¬ 

zee, but very much feebler than eitlii'r in the present species or in the 

Gibbon. In Man it is apparently absent, though even in this case 

the basal bulge on the internal side of the crown jnav be a remnant 

of an original cusp which has been displaced due lo lateral shifting 

of the tooth. A sort of triangular facet is presejit at the base of the 

crown internally, the apex of which seems to be prolonged into a 

narrow ridge running up the crowm, although the fracture of the 

internal upper quarter of the crown does not allow this feature 

to be followed to the summit. Posteriorly, the upper margin of 

this facet is continued as a faint cingulum backward and downward 
to the hinder heel. 

Incisors.—Tliese, as shown by their roots, are elongate in a direc¬ 

tion parallel to the axis of the jaw and very narrow laterally. The 

distance from the internal margin of the canine to the median line 

^ These measuretnents are taken from Boulc, L’Homme fossile de la Chapclle>aux- 
Sainta, Annake ds Palhoniologicy vol. VII (1912), p. 82. 
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measured through the incisors is 13*7 mm. The dimensions of the 

first incisor are : length 6*6 mm., breadth 3*8 and of the second 

incisor: length 9‘3 inra., breadth 4*7. 

Front lower premolar. 

The second of fhe two specimens from Haritalyangar (Ind. Mus 

T>. 190) is a left lower pm... the < orreet orientation of whicli is clearlv 

proved by the existence of a facet on the inner hinder edge, caused 

by the contact- of pm,, and by the ju'cservation of the outer })()rtion 

of the alveolus of the same tooth, while on the antero-interiial margin 

can be seen a part of the alveolus of the canitie. The roots, wlieji 

so ]fiaced, correspond identically with those of j)m3 in the type 

mandible described on page 41, and also, as far as can be judged, 

with those of the, same tooth in tlie Haritalyangar symphysial 

fragment. 

Thus placed the tooth may be described as being very broad 

in proportion to its l(mgth, with a very convex outer surface passing 

back gradually, without any abrupt change in tlie contoui*, into the 

straight hinder wall. The inner wall of the tooth forms a very 

acute angle with the hinder wall and proceeds obliquely towards 

the outside, where it forms an inpially abrupt angle with the 

outer wall of the tooth, only in this case the angle is a right 

angle. Thus the act ual front wall of the tooth is reduced to the 

width of a nanow ridge. The main cusp is situated in the centre of 

the tooth, and is eoiiueeted by a sloping ridge to a faint secondary 

cusp directly internal to it, while a second ridge runs from the summit 

directly forward to the front point of the tooth. On its hinder side 

the former of these ridges falls abruptly into a hollow bounded by 

the raised posterior edge of the tooth and on its anterior side 

equally abruptly into another much smaller hollow just internal to 

the ridge which runs forward from the summit. A shght cingulum 

may be present externally, but in any case it is obliterated in the 

present instance by a strong area of wear at the antero-external 

corner of the tooth. The structure of this tooth is thus comparable 

with pm^j in the Gorilla and the Orang. It differs from them— 

(1) by its much greater transverse diameter and corresponding 

diminution in length, 

(2) by the bicuspid character of the transverse ridge. 
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In respect of the second of these it agrees with the Gibbon and 
with Man. lo the former genus pm^ is much more elongated antero- 
posteriorly and is very narrow, while in the latter the breadth index 
is even greater ; further, the tooth is one-rooted, much smaller and 
more rectangular in shape, the crown is less elevated and the 
internal cusp much inore clearly defined, approximating in size to 
the main one and separated from it by an almost continuous 
antero-poster!or valley. 

From these two specimens it is possible to 
upper dentitimi. ” deduce some information with regard to the 

structure of the upper jaw. 
It is clear that the wear on the hinder portion of the lower canine 

and on the antero-external corner of prn^ are both due to the attri- 
<,ion of the upper canine, which would, therefore, show signs of w^ear 
slightly to the inside and to the outside of its front margin, but poste¬ 
riorly and on the greater portion of its internal side the wear would 
be nil. 

This point is of interest as affording an important distinction 
from the apes, and will be referred to later in discussing the pos¬ 
sibility of the maxilla of Palaeojntheans belonging to the same- 
genus as SivayitJfecuff. 

The upper canine musf. have bitten slightly inside the lower 
canine in order to produce this wear, at the same time it must 
have been situated internally to pm^^, otherwise the upper and 
lower teeth series would not be in the sanu* line. Moreover, there 
must have been a considerable amount of lateral movement in the 
lower jaw, to account for such iniense wear in two teeth situated in 
the position which the lower canine and front premolar of Siva- 
pifhecas occupy, 

Ibilike Man, the canines interlocked, which w as also the case in 
EoaMliropus. In the latter genus, how^ever, the fact that the upper 
canine w'orked wholly on tdie internal side of the lower canine seems 
to imply the absence of a diastema in the upper jaw between the 
cai\ine and the incisors, an inference, wdiich Smith Woodward 
has in fac.t drawn in his reconstruction of the upper jaw.^ On the 
other hand, it seems equally certain that Sivayithecus must have 
had a diastema in the upper jaw. 

^ however, the remark on page ol below, regarding the possibility that the 
e-anine of Koanthroyus Ixdonus to tlie up})er dentition. I’his, if true, may necjessitate some 
revision of ])r. Smith Woodward’s view as to the absenco of a diast-tmia in the upper jaw. 
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Lower molar, 

A lower molar (Tnd. Mas. No. 1). 178), which may be referred 

to the present species, was also found in the same beds at Hari- 
talyangar. 

Its dimensions are as follows: length 11-9 mm., breadth ]0*9, 

height 5*9, breadth index 91-0. It is in a very advanced stage of 

wear but shows the simplicity of structure, the inward displacement 

of the njesoconid and the abse ice of a cingulum, which are charac- 

t.eiistic of Slra'pifhecus. its breadth index is nearei’ t,o that of the 

latter genus than to any otlier, and its dimensions agree fairly well 

witli those of the m, in the just described mandible, though it must 

have belonged to a slightly larger individual. 

Upper molars. 

A final fragment from Naritalyangar contains the much worn 

m^ and m-. These, though obviously Primate, arc*, probably, generi- 

cally indeterminable. Their dimensions in millimetres are as 

follows:— 

Length .......... JO-f) 

Breadth .......... 13-5 (?) 

IhvjMlth in(l('X ......... lliSef?) 

M“ Lriigtli .......... 12-5 

Htvudth . . . . . . . . . .inn 
Bn'adtli index ......... I I2 () 

The absolute size and breadth index of tlu'se teeth agree well 

with tliose of the corres|)onding teeth in the type mandible of 

Sivapilhecus indicus. The crown pattern of both tcotli is, however, 

so entirely obliterated by wear and by dental decay that it is 

impossible to distinguish any similarity of structure to the lower 

molars of Sirapithecus. I should, indeed, be unwilling to deny 

that they might belong to a species of Palaeopifhecus, slightly bigger 

than Palueopithec'us sivfdensis, although the br(‘adth ind(*x of 

is much greater than that of the corresponding tooth oi Pahieopithecits 

siralensis, which militates against generic identify. 

Upper canine. 

The most recent specimen to be discovered, which may be pro¬ 

visionally refened to the genus Sivapifhexusy is an upper canine, 



48 Records of the Geological Survey of India. [VoL. XLV. 

which I found amongst a collection of fossils from the Lower Siwa- 

liks of Chinji. Though apparently Primate, it differs considerabl}' 

from that of any other genus so far known by the presence of a very 

distinct cingulum at the postero-internal corner of the tooth. Asso¬ 

ciated with this is a kind of longitudinal striation, produciixg a faint 

crenulated edge to the cingulum, and thence running up a short 

way in the direction of the summit of the tooth. The cingulum 

ends in the prominent posterior ridge, which runs up to the summit. 

There is also an anterior ridge, not so strongly marked. On the 

inner side of the latter is the usual deep groove seen in Primate 

upper canines, caused by the abrasion of the lower canine. The two 

ridges divide the tooth in a vwtical plaiie into two unci|ual portions, 

of which the outer is ibe smaller and has a surface only very slightly 

convex, while the inner one is the larger and is very strongly convex. 

The dimensions of this tooth are as follows :—length IG‘2 mm., 

breadth 10‘G, height 19*4. The closest parallel to the structure^ 

of this tooth is to be seen in the upper canine of the Cebida\ It also 

is possible that something of the same kind is present in the upper 

canine of FUopithccus. The cuigulum is possibly the renmant of a 

primitive cusp on its way towards atrophy. 

Considering tliis mandible as represented by the fragments 

Comparison with other from Chinji and Haritalyaugar, which have 
genera. been described, there can be no doubt as to 

its claim to generic distinction. It remains to summarize its affinities 

with and differences from other Primate genera. 

First attention should be called to the great excess of length 

of over nu, the dilference being, in fact, greater (ban in any other 

genus except Pliopithecus. Dryopitheem puvjahicns does rmt fall 

so far behind it in this respect. It is very pro]>ahle that this is a 

primitive character. 

Although the living anthropoid apes agree with man in the 

equality or excess of length of 1112 as compared with m^ yet they 

differ from him in the relations of length which obtain between 

and m.,. Tn Man is longer than nig whereas in the other genera 

the reverse is the case. Sivapithecus also differs fiom man in this 

respect. (Considering the breadth index of the various molars, 

whereas we find that in Dryopithecus this increases regularly from 

m^ to nil, living anthropoid apes the breadth index 

of mg is greater than that of any of the other molars. Sivapithecus 

agrees with the living genera in this. 
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Other differences betv/ccn Siva'pitliecus and Bryo}niJiecus are 
as follows:— 

1. The greater breadth of the molars. 

2. The simpler structure of the tooth crowns, the absence of 

secondary cusps, smaller degree of folding and the greater 

elevation of the main cusps. 

3. The greater displacement of the mesoconid to the inside. 

4. The short syjnphvsis. 

n. The bending outward of the front of the maiidible and the 

conserpiently greater distance between the rami. 

0. The inward position of the canine and the shifting back¬ 

ward of the whole of the incisor portion of the jaw. 

7. The gr('ater simplicity and larger breadth index of the last 

prcinolar, })ny. 

8. The greatcT breadth of ]m\^ in proportion to its length than is 

the case in Drffopithencs, its bicuspid charaettn’, distinct 

ihough slight in Sirajnfhecua^ and the traTis'aM'se position 

of the ridg('- uniting the two cusps, as conti’asted with the 

oblique direction of the corres})onding ridge in Dryo- 

piihevus. 

9. The more vertical front face of the symphysis and its more 

abrupt passage into the lower margin of the mandible. 

The points in which i^irapithccus diilers from the Corilla and the 

Orang are the following :— 

1. The greater breadth of the molars. 

2. The greater inward displacement of th('. mesoconid. 

3. The short symphysis. 

4. The inward ])osition of the canine. 

T). The outwai’d bending of the premolar portion of the jaw. 

(). The shorter pieniolars. 
7. The more vertical front face of the symphysis and its more 

abru])t passage into the lower margin of the mandible. 

From the Orang it dilTers in addition by the absence of the charac¬ 

teristic rugosity. 

From the Corilla it differs by— 

(1) the much lower cusps. 

(2) the bicus})id character of pm^^ and the transverse direction 

taken by the connecting ridge. 
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From the Chimpanzee it differs by all the above except 1, and in 

addition by the higher cusps and the coarser nature of the folding 

of the enamel. 

In certain respects Sivayitliecufi is nearer the Gibbon than it is 

to any of the other living apes. The chief of these are the short 

symphysis, which is however shorter than in the Gibbon, the hinder 

cusp in the low^er canine, the bicuspid character of pm^^, the inward 

position of the mesoconid in the molars. The significance of these 

special characters common to Simylthecns and the Gibbon, is dis¬ 

cussed on page 61. 

The differences between the Gibbon and Sivofitliecus are striking 

and may be summarized as follows:— 

1. The greater breadth of the front molars in Sirayitliecus. 

On account of the degeneration of m.^ in the Cibbon, 

which has not occurred in Slvayithecus, that tooth often 

has a shorter breadth index than is the case in the fossil 

genus. 

2. The much greater length of the prcmolars in the Gibbon, 

and the greater height and distinctness of the internal 

cusp in pm,^. 

3. The extreme smoothness of the enamel in the teeth of the 

Gibbon, and the entire absence of the wrinkling which 

is to be seen in those of Sirapithccus. 

4. The outward bending of the preinolar portion of the jaw in 

Simpitliecns. This may be correlated with the increased 

breadth of the jaw. 

5. The symphysis is still further shortened in Sivapithecus, 

and there is aii entire absence of the shelf, which in the 

Gibbon lies internal to all the teeth in front of m2. 

6. Thus the rami, instead of coming almost to a point as they do 

in the Gibbon, pass into a broad rounded margin. 

7. The greater depth of the ramus and of the symph}'sis in 

Sixmpiihecm, 

8. The more vertical position of the front face of the symphysis 

in Sivapithecus. 

In all the respects in which Sivapithecus differs from the living 

anthropoids, Dryopithecus and Pliopithecus, it either resembles Man 
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or makes a decided approach to the conditions which exist in the 

latter. 

In regard to the outward curvature of the premolar portion of 

the mandible, nothing of the kind is seen in Man, but it certainly 

seems to me, as has been stated above, that the existence of such 

a curvature must necessarily be correlated with a greater distance 

betvveen the rami than exists in any other anthropoid genus than 

Mian. This opinion is confirmed by the examination of the symphysial 

fragment from Ilaritalyangar. Agreement with man is shown by 

the degree of elevation of the cusps, by the nature of the folding, 

and in the comparative simplicity of structure. 

The last two molars in Man, however, generally show a reduction 

in the number of cusps. Further, the large canine with its poste¬ 

rior heel, the longer })m.„ in which the bicusjhd character of the 

transverse ridge is very much less jmonoiinced, and the greater 

com}>lication of the ])remolars generally are not human characters. 

The different sliape of the mandible in Poonfhro'pvs from that 

of Sivapithcctis has been mentiom‘d above (page 38). We need 

not necessarily assume that the restoration of the premolars and 

of the upper portion of the jaw in advance of the molars is j>re- 

cisely as Smith Whjodwarcl has imagined it ; it seems quite possible 

that the premolars may have ap})roximated more nearly in shape 

and size to those of Sirapifhecus. In this connection it may be 

remarked that A. E. Anderson* considers that the canine tooth, 

last discovered at Piltdown, belongs to the upper and not to the 

lower dentition, as determined by Smith W^oodward. If it be an 

upper canine, then the ])eculiar condition of wear indicated that the 

front lower premolar, wliicdi caused it, must have been elongate and 

prominent, in fact much more like the })mj^ of the living apes and 

of Sivapifliecus. At the same time it seems certain that there was 

no outward curvature of the ramus in the premolar region, and ])ro- 

bable that the canine lay more in advance of pm^ than is the 

case in Sivtipiihecus. The two genera agree in the simple structure 

of the molars. Their points of difference may be summarized as 

follows :— 

1. The longer symphysis of Eoanlhropus, 

2. The absence of the outward curvature of the premolax 

region in Eoavitliropus. 

* Ameruan 3fnse'um Journal^ New erk, Sopteml er 1914. 

E 2 
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3. In Eoanthrofiis the canine is smaller and does not possess 

the posterior heel which is found in tlie canine of Siva- 

yithecus.'^ 

4. In Eoantlirojms the lower canine is pi’obahly situated in 

advance of pm^ instead of bein^ internal to it as in 

Siva'pifliecus. 

5. The inferior de])th of the ramus anteriorly in EoantJiropus. 

G. The much narrower teeth in Eoaufliropas. 

7. The smaller premolars of Eonnthropus, possibly more marked 

in the case of pm.^d 

8. The reduction in len^dh of m„ as compar(‘d with nig iii Eoan- 

iJiropas. This lias not taken place in Sivapitheem. 

9. The internal wear of the low(‘r canine’ in Eoanthropus, as 

ojiposed to the. ])ost(‘rior zoiu‘ of wear in Sivapitheem, 

indicates the absence of a diastinna in the former 

^^enus between the u])]n‘r canine and the incisors, in 

the presence of whi(‘h Sint pit hec ns ])robably a.^reed wnth 

the a])es. 

10. Probably in Eoanthropas the front face of the symphysis 

retreats more than in Smtjn'iJtecas. 

In considerin,c: the propriety of ref(*rrin^ this mandible to the 

genus PnlaeopUhecus, we labour under the disadvantage of knowing 

only the maxilla and upper teeth of the latter genus. 8ifice, however, 

I am disposed to believe that the height of tin* cusps and the amount 

and character of the wrinkling did not ma.t<‘rially differ in these 

two genera, and since in Palacophhccus w^e lind an exceptionally 

high breadth index for the upper molars just as we do in SivapUhccus 

for the lo\ver ones, it wall Ix^ as well to numtion in detail certain 

features in the mandible of Sirajnfhecus^ wliich seem incompatible 

with such a maxilla as Pnlaeopilhecus posst‘Ssed. 

1. The outward curvature of the jireinolar jiortion of the mandible 

in Sivapithecus could not have been associat(‘d with such a maxilla 

as that of Palacopithecus, as in that case the upper canine would 

have been opj)osed to or internal to pm.,, instead of biting outside 

it. 

2. This outw^ard disjdacement of the premolars in Sivapi¬ 

thecus, iimted with the inward ])osition of the canine, must inevit- 

* See, howover, tho obovo sugejostion llial. fliis tooth ia (lio upper canine of HJoan^ 
thropus. 
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ably have accompanied a backward divor<»ence of the mandibular 

rami, resulting in a breadth of jaw, which is quite incomj)atible 

with the narrow ])alate of PalfropitJfccus. 

3. The inward position of the canine argues a backward shifting 

of the incisors, so that even supposing the right and left upper 

tooth series to bo j)at'al]el as they are in Paldopithecus^ the angle 

between the uj)])er molar series and the incisor series would more 

nearly approach a right angle than is the case in Pakeopithccus, 

4. The reduction, which has taken ])Iace in the front portion of 

the cheek teeth seri(\s in tlie m«a.\illa of Palmypiihecus, is unlikely 

to have occurr(‘.d in the maxilla of Sicapitheem^ judging by the 

extraordinary dinu^nsions of pm., in the mandible of the latter genus. 

5. The considerable shortening of th(‘. symphysis in Sivnpilhectis 

from its assumed primitive conditio!\, and the widenitig of the jaw 

in tlie direction followed so majkedly in the IlominidiV, probably 

must be correlated with a palate, more concave anteriorly than is 

the case in that of Vala<>j>ith‘cuH. 

0. On jiage 4(), from the observation of tbe zones of wear on 

the lower canine and tln‘ front premolar from IJaritalyangar, con¬ 

sidered in connection with the position of the canine with reference 

to pm., and tlio incisois, I have' predicated certain features whicli 

might be exjiocted in the maxilla and espc'cially in tlie upper 

canine ; PaUvopithveut^ doc's not fulfil tliese, since its upper canine 

show^s a distinct zone* of wear ])osteriorly, such as would be pro¬ 

duced by a pm3 situated immediately behind tlie lower canine, 

a position quite at variance^, with that of the corresjionding teeth 

in the mandible oi Sivapitheens. 

From Plwpifhccm the present genus is distinguished by its 

broad molars, by the wrinkling of the enamel, by the absence of 

the cingulum, ])y flie gnmt(*r length of the premolars, by tlie larger 

canine, and by the short symphysis. It is probable that Smipithecus 

agreed wdth it in the })ackwaid divergence of the mandibular rami. 

Sivapithecus differs from PropliopitJwcus in respect of most of the 

features which distinguish it from Pllopitkecus, wuth the exception 

of the short symphysis. The molars of Propliopitheciis are, however, 

much broader than tliose of Pliopiihecus, and in the case of the 

breadth index exceeds that of the corresponding tooth of Sivapithecus 

^ Such a STipnusitioii, unhkoly Iw'fons i« now definitely nowativwl by the dis. 
CO very t){ the syinpliyf'iai fragment from Harit.alyangar (Ind. Mus. 1) J89). 
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The breadth index of the premolars is less, while pmg is a much 

smaller tooth proportionately to the size of tlie jaw than in Sim- 

pithecus, the canine is much smaller, m3 shows a reduction in length, 

and the front of the jaw was probably much narrower. 

As Pithecanthropus is not known by any portion of the mandible 

or by lower teeth, no comparison is possible with the Miocene genus. 

The great degeneracy of the last upper molar and the considerable 

amount of wrinkling of the enamel, militate against generic identity. 

EVOLUTION OF THE ANTHROPOIDEA. 

It may not be out of place to discuss the bearing of these new 

discoveries on the question of the evolution of the Anthropoidea 

and the relation of Man to the Simian stock. 

The remarkable characters possessed by the mandible of Sim- 

pUhecuSy which, as we have seen, ally it in many res])ects rather to Man 

than to any of the Simiuhv, lead us at once to enquire whether 

the evidence is strong enough to place Sivapithecus on the direct 

line to the Hominidw. 

From the material prcviousJy at our disposal it might, I think, 

be justly concluded that the long and deep symphysis, which is pre¬ 

sent in all recent apes except the Gibbon and also in Dryopithecus 

and Pliopithe,cuSy is a later development from a primitive short and 

shallow symphysis, such as we find in the Icmuroids and many other 

mammaba and also in the immature mandibles of forms which 

in the adult stage have long symphyses, implying a descent from 

ancestors with a short sym])hysis. The primitively short symphysis 

is seen in the earliest known member of the Anthropoidea, Proplio- 

pithecus from the lower Oligocene of the Egyptian Fayuin. The 

extreme shortening of the symphysis seen in Man is as obviously a 

special development. We may thus conclude with certainty that 

Simpithecus should take its position somewhere on the main line, 

from which diverged the cluster of genera which developed a long 

and deep symphysis, of which Dryopithecus is the earliest and perhaps 

the most typical so far as concerns this particular feature. We 

have, however, to decide whether the place of Sivapithecus on this 

main line should be before or after this divergence. From the 

combined evidence of the two mandibular fragments, from Chinji and 

from Haritalyangar, we may safely conclude that Sivapithecus has 
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left the primitive condition and has begun that excessive shortening 

of the symphysis which is characteristic of Man. This opinion 

seems to find [“'^support in the co-existence of other characters in 

Sivafilhecus, which are not found in the Dryopitheeus to Gorilla line, 

but which I shall try and show approximate to certain human 

featmes. 

The outward curvature of the premolar region of the mandible 

is certainly peculiar to Sioapithecus, but, in my opinion, it involves 

the co-existence of a breadth of jaw and a degree of separation of 

the mandibular rami which is essentially peculiar to Man. I would 

suggest that the outward curvature of the premolar portion of the 

mandible with its accompanying backward shifting of the incisor 

region was the first attempt to widen the jaw, that the gradual 

moving outward of the premolar region was succeeded by a correspond¬ 

ing outward movement of the molar region. We, no doubt, have 

in the present species of ISivapitliecus a degree of j)remolar displace¬ 

ment which no ancestor of Man could have possessed, since a dis¬ 

placement of the molars sufficient to bring them into line with the 

premolars would result in a breadth of jaw far greater than is found 

in Man. But it may well be that Man has descended from a marginal 

species of Sivapithecus, in which this premolar displacement was 

less intense. Once begun, as seems to be the case in many other 

instances, such an adaptation sometimes tends to become exaggerated, 

but there is no reason to suppose that it became equally exaggerated 

in every other species of Sivapithecus. 

With equal or greater justice it might be contended that the 

short bicuspid pmg of Man could not have been evolved out of the 

pnig of Sivapithecus, where the internal cusp is no more than a slight 

prominence on a transverse ridge sloping downward internally 

from the summit. If, however, we are willing to admit that the 

bicuspid character of pmg is a later development from a primitively 

unicuspid tooth, there should be nothing discordant in the fact that 

a sarmatian ancestor of Man does not show the bicuspid structure 

as plainly as his more modern descendants. Indeed, if both 

the cusps in the pmg of Sivapithecus were rather lower and the 

inner one were a little farther removed from the main one, it would 

be little difierent in essential features from that of Man. A species 

possessing such a pmg might easily be included in the genus Siva- 

pithecus, and then an inward movement of the external face of the 

tooth and especially of the antero-external angle, accompanied by 
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a general diminution in size of the whole tooth and atrophy of the 

anterior root would lead to a type identical with that of modern 

Man. 

Amongst the te(*.th of Krapina man, figured by Gorjanovic-Kram- 

berger^, is a pm^^ which shows a veiy decided approach to the hypo¬ 

thetical condition described above. That specimen is triangular in 

shape, is strongly developed on the external side, and the inner and 

outer cusps are connecitcd by a ridge, which is not only prominent 

blit also oblique. 

That the front premolar in the Primates was originally unicuspid, 

may b(^ conjectured from the fact that the modern representatives 

of the more })rimitiv(» family of the Ccrcoyilhccidw all possess a 

single cusp to pm3. The same is the case in the Lemurs. Further, 

none of the fossil types show any trace of a second cusp, if w^e except 

the vestigial one wliich Bchlosser records in Propliopithecus. The 

latter genus shows evidence in other ways of being on a line which 

developed ])recociously in the directions followed by other lines 

in much more recent times. The Eocene Primates exhibit a very 

distinct heel in the premolars, but no trace of a cusp internal to the 

main one. Such an inner (uisp is a well marked and fairly constant 

feature in the Gibbons, but Ave have no reason to suppose that it 

dates back from any rnori^ remote period than the Pliocene. Slight 

traces of this second cusp in pnig are occasionally met with in 

the Gorilla, Orang and C'himpanzce. 

The Cchi(Ia\ it is true, have this inner cusp in pnig, but in many 

respects they are an extraordiiiaril}' adv^anced family. Moreover, 

it must bi^ remembered that in this family there are three lower pre¬ 

molars, and tliis fact may, for physiolo^jical reasons, have led to the 

early molarization of pm^. 

On the whole, then, it seems that we may consider it possible 

that the human ancestor might have belonged to the same genus as 

the mandible of Sivapitherm indicus. AVe must of course be prepared 

for such a hy])othetical Miocene human ancestor, when found, proving 

to be in the process of evolving a broad jaw by a rather different 

way, or to be too near Man to make it possible to include it in the 

genus Simpilhecus. In this case /Sivapithcctis would not be on the 

main line of man’s ascent but would represent a special adaptation. 

For the present, however, I })refer to consider the human ancestor 

^ CJorjiuinvii -KranilHjrgur, Dor diluviale MenscJi voii Kra])ina, Mitt. d. Anthr. GefteUa 
Wien., vul. X.XXI, p. JUb, 1*1. JIl, iig. .3. 
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as a marginal species of SivapitJiecus. This is represented in the 

accompanying table in Plate 4 by the line to Man passing through 

the end of the name SivapitJiecus and not through the middle of it. 

The characters by wliich SirapitJiecus differs from Man and 

resembles the apes or Dryopitliecus do not militate in the least against 

such a view, since these are obviously primitive characters, and 

there is absolute proof that many of them were but lately acquired 

by the human stock. Such characters are tJie large canine, which 

has been shown to occur even in a genus possessing skull characters 

so nearly resembling those of Man as EoantJiropus. (k^tain of the 

primitive Australian races have a slightly larger canijic than is the 

case in normal mankind. The same is true of the PahTolithic 

species, Homo neandertJiahnsis. Moreover the milk canines of modern 

Man exhibit amongst the various features, wliich distinguish them 

from the permanent canines and which have been detailed by 

Smith Woodward,1 that of slightly superior size. The question of the 

hinder cusp of the low(‘r canine, by w'hich Sirapitheeus agrees with the 

apes and especially with the Gibbon and differs from Man is discussed 

on page 59. It seems likely iJiat this is also a primitive character, 

and that its gradual atrophy has taken })lace on more than one 

line. The chin, which is such a striking feature in the jaw of 

modem Man, is wanting in some of the more amnent Pakeolithic 

types; hence the fact that Sivapi/Jfccvs docs not posscsss it jiroves 

only that that genus is in an early stage of development. The 

increasing length of the molars as we go backward in the jaw 

is found in many of the fossil Hominidw, and does not prove any 

near affinity of Sicapiiiiecus to Dryopithecus. The recent apes 

have proceeded along the same lines as regards this reduction in size 

of the back molars. The loss of the mesoconid in the human m^ is 

equally a case of late degeneracy found in the Gibbon and C4iini- 

panzee as well as Man. In Man however this degeneracy has 

involved rUg as well as iiig. The large breadth index of the Siva- 

pithecus molars as wnll as its diminution going from nio to mj may, 

however, be taken as evidence that SirapitJf£cus has reached a further 

stage of development than the primitive Dryopithecoid ancestor, 

hence that the former genus stands on the main line to Man long 

after the divergence of Dryopithecus had taken place. 

Stress may also be laid on the resemblance between the molars 

^ Smith Woodward, Supplomr'ntary riok* <ni tho diHcovery of a paiaeoJithic! human 
skull and mandible al Piltdowii. Quart. Jour. God. Sov.. Land., Vol. LXX (1014), ]). 91. 



58 Records of the Geological Survey of India, [VoL. XLV. 

of Sivapithecus and rn^ of Man, which has not degenerated like the 

two hinder molars. The position of the mesocoiiid, the general sim¬ 

plicity of stniciuie, the higher cusps, and the coarseness of the 

folding BccTU to approximate to similar features in the human stock. 

The reduction of pm^ also recalls what has occurred though to a 

greater degree i?i Man. The large pin^ would seem to be a primitive 

character, judging from the similarly large in the (JercopithecidcB 

and the Lemuroids, and by the reduction of the same tooth in the 

Chimpanzee and the Oraiig. 

A comf)arison of the mandibles of SirajnlliecMs and Eoanthropus 

seems inevitably to suggest that the latter genus is farther removed 

than the former from the direct line of human ancestry. The 

longer symphysis, in wJiich tliere is certainly no trace of any shorten¬ 

ing comparable with that which has taken ]>lace in Man, the narrower 

teeth and the position of the canine, entirely in advance of the 

premolar series, seem to be primitive characters, which have been 

retained by the TMeistocene genus Eoanthropas, though lost in the 

Middle Miocene Sivapitheem. The human characters of the skull of 

the former are sulficient reason for assigning it a place on the 

line of the llominidiv. It necessai’ily follows that the two lines of 

Eoanthropus and Sivnpllhecus diverged long befoi'e the appearance 

of the latter genus. 

The reduction of J>m3, m.^ and possibly of the canine arc features 

of an advanced stage of evolution in tin* Anthropoidea, such as 

might be cx[>ected in any rieistocene anthropoid genus quite 

independently of its j)articular line of descent. 

llefore finally d<?ciding the respective claims of these two genera 

for a position on the direct line to Man, we must investigate the 

structure of the lower canine, which jiiay tell altogether against the 

conclusion to which I have so iar been leading. 

As has been described, the lower canine of Slcapithccas seems 

by the possession of a hinder heel to be more like that of the Gibbon 

than that of any other of the anthropoids. This prolongation, 

however, occurs though less strongly in the Orang, the Gorilla and 

the Chimpanzee. Dr. Smith Woodward seems to imply, though he 

does not actually state it, that he infers from the fact that the milk 

canine in the apes does not show this hinder heel so markedly as the 

permanent canine that the heel is a later development in the race 

and that primitively the Primates were without it.^ I hope I have 

^ Smith Woodward. 1. c., p. 91. 
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not^misunderstood him, but in any case if this were so, then, obviously’ 

Sivapithecus could not have been ancestral to Man, since it would 

possess a character more advanced than in the latter. 1 thijik, 

however, that Dr. Smith Woodward would be the first to admit that 

undue stress must not be laid on the milk dentition as evidence of 

phylogenetic development and more especially on canines. On 

the other hand such a heel is found in the primitive Cercopithecidw 

and CebidcB. In Pliopiihecus it actually takes the form of a basal cusp. 

Such a structure would be perfectly explainable if we accept the 

theory^ that the canine w'as originally a premolar whicli has taken 

on the functions of the former. The heel would then be the jeninant 

of the hinder cusp which is present in the preujolars of Primates both 

primitive as well as advanced, this renmant being largest in the 

Gibbon, tending to disappear in Gorilla, Orang and Chim])anzee and 

having entirely vanished in Man. 1 think therefore that such a 

canine is what might be expected in a Miocene ancestor of Man. 

The obvious conclusion to be drawn from the facts is that 

Eoanthropus represents a collateral stem wdiich did not lead to Man as 

we know him from any of the recent and most of the fossil types, 

being, so to speak, only one of Nature's experiments at producing 

the higher human type. An exception, possibly the only one, to this 

is seen in the mandible found in the Manor saiuls, near Heidelberg, 

and described by Otto Schoetensack.*'^ The symphysis and general 

structure of this famous relic remind us more of Eoimthropus than any 

other human mandible so far known. Boule suggested, indeed, that 

the two are specifically inseparable.^ It has not been suggested, so 

far as I know, that the Heidelberg jaw should be ascribed to any 

other genus than Homo, but it is believed by many scicn.tists that 

the species of Homo, which it represents, has no connection with 

modem Man. If my ideas as to the evolution of the anthropoid 

symphysis are sound, then we seem justified in going farther than 

this, and placing Eoanthropus on the line whicli led, possibly by 

degeneration according to Smith Woodward’s view,^ to Neand¬ 

erthal Man, and Sivapithecus on that which led to modern Man. 

^ Compare M. ScliloHser, BeitrJigo zur KeaiitniHs dor (*iigocaii(!n Landsaugethiero 
aus dem Fayum : Agyptou Beilr, z. Pal. n. GpoI. Osl~Ung., Vol. XXIV (lUJl), p. 52, 

and see page 64 below. 
* 0. Schoetensack, Dor untorkiofer des Homo Hoidelborgorisis aus den 8arulon von 

Mauer bci Heideiberge. Leipzig, 1908. 
* M. Boule, L’Hommo fossile do la Cbapollo-aux-Saints, Annales Je PaUontologie 

vol. VIII (1913), p. 246. 
* Smith Wo^ward, 1. c., p. 139 • 
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After all, when once we have admitted the polyphyletic origin of 

Man, this hypothesis only places the separation of the two or more 

branches of humanity rather farther back in the geological record. 

A [)ossil)le alternative to this theory is that Eoanthroyus stands on 

the direct line to Man and that the shortening of the symphysis, the 

increase iii width of the jaw, the backward shifting of the canine and 

incisors, and the broadening of the molars all have taken place 

since the beginning of the Pleistocene, while Sivapithecus is an 

instance of precocionsly developed human characters in a Miocene 

genus, which, nevertheless, evolved no further and did not proceed as 

far as Man. 

On tiui whole the former of these two views seems preferable, 

since the [)eriod wliich has elapsed since the Middle Miocene seems 

ample lor some marginal species of Simpithecus to have undergone 

considerable reduction in regard to its canine, pm^ and m^, while, 

on the contrary, the long symphysis and narrow teeth of the Pleis¬ 

tocene Eomitkropus seem as if they could hardly have given rise 

to Pleistocene forms of IJorno sapiens^ or even of modern Man, in 

the re(|iiired tinie. 

Tliere is indeed a third alternative that the human ancestor was 

on a tliird line, distinct from that of cdther Eoanthropus or Sivapi- 

thecus. This, though far from improbable, need not at present be 

considcrc'd as it entirely enters the region of guess work. 

Accordingly it is the first of these views which I have tried to 

express diagramnuitically in the table of descent forming Plate 4. 

The sliort symphysis of the Gibbon is perhaps closer than that 

The Gibbon other of the living anthropoid apes to 
what I conceive to be the ancestral form, before 

its shortening in the Sivapithccm line or its lengthening in the 

Drifopithecns line had commenced. The symphysis has, undoubtedly, 

deepened considerably, and its front edge has become more vertical. 

It is even conceivable that it may have shortened, but in any 

case much of its primitive appearance has been retained. When to 

this we add the narrow palate and mandible, the simple, generally 

narrow teeth, showing neither cingulum nor crenulation, the elongate 

crown of pin^, the strong hinder cusp in the lower canine, not to 

mention otlier characters which are not so much in question in the 

present paper, 1 see no other probable theory than that the Gibbon is 

tlu^ somewhat advanced representative of an ancient type more 

nearly allied than the other living apes to the original lemuroid 
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stem, from which the SivapitJiecus—^Man and Dryopitliecm lines 

diverged. It seems to me likely that these similar characters in the 

Gibbon and SivapitJiecus, which we have good reason to believe are 

primitive, possess an important significance and indicate a closer 

connection to one another and to the original anthropoid stock for 

these two genera than is the case with the other living apes and 

Dryopithexius. Possibly also at an earlier date both the Celmla^ and 

Cercopithecidce separated from the same primitive stock. 

In deciding as to the position which Pithecanthropus erectus, 

Dubois, from Trinil in Java, is to occupy in 
Pithecanthropus. i i i \ 

our genealogical scheme, we are met with nu¬ 

merous difficulties, arising not only from the meagre nature of the 

material, but also from the doubt whether all of it should be referred 

to the same syjecies. Assuming that the human features jiresented 

by the femur and the skull cap, as well as to a smaller extent by the 

fragmentary teeth, entitle this genus to rank as one of Ihc Hominulxr, 

it seems to me that we should be quite ])repared to find also features 

which it shares in common with the Gibbon ; these latter features it 

might owe partially to retention from a primitive gibbonoid ancestor, 

])artially to development along the same lines as the Gibbous ; both 

of these suppositions arc rendered easier, if the belief, which seems 

to the author so plausible, is accepted, that the human and Gibbon 

lines are more closely connected than those of other anthrojioids. 

The gibbon-like affinities of PithexmitJiropus were originally noticed 

by Dubois, and have later been discussed by other scientists, espe¬ 

cially amongst the Germans. More recently Boule has seen i?i them 

a strong argument for removing Pithecanthropus from the Uoinmidfr. 

and placing it on a special side branch of the Hyhhatkkv.^ The 

human characters of the Javan specimens he would then attribute 

to convergence. Although I am' not prepared to deny this hyj)o- 

thesis, yet in view of the explanation offered above, it seems to me 

not only unnecessar}% but improbable, when one take's into account 

the dimensions of the Javan remains, whicli greatly exceed those 

of the Gibbons, as well as the entire absence of evidence that many of 

the hiiman characters of the teeth and of the calvarium ever deve¬ 

loped on any other anthropoid line than that of Man. I am, therefore, 

inclined to consider Pithecanthropus as an early offshoot from some 

species of Sivapithecus, 

1 M. Boule, l.'c,, p. 263. 



62 Records of the Geological Survey of India. [VoL. XLV, 

Dubois has treated in detail the question of the affinities of 

Pliopithecus and Pro- Pliopithecus and has advanced cogent reasons 
pUopithecus. for ^ot accepting the general view that it is 

ancestral to the Gibbon^. I am in complete agreement with his con¬ 

clusions. The differences between Pliopithecus and the Gibbon may 

be summarized as follows :— 

1. The greater proportionate breadth of the teeth in the front 

of the jaw in Pliopithecus, particularly marked in the 

case of pnup but noticeable in all the premolars, upper 

as well as lower, and in the first molar above and 

below. 

2. Tlie mu(!]i longer symphysis in Pliopithecus. 

.‘k Th(' greater divergence of the mandibular rami. 

4. The uincus})id character of pm^ in Pliopithecus, in contrast 

to the two cusps which this tooth possesses in the Gibbon. 

5. The narrowness of the jaw in front, as shown by the much 

smaller united breadth of the incisors than in the 

Gibbon. 

G. The much smaller height of the canines in the fossil genus. 

7. Whereas in the Gibbon the depth of jaw increases from 

beliind forward, in Pliopithecus the depth is uniform. 

8. The greater elongation of 0)3 in the Gibbon, and the more 

complicated talon of the same tooth. 

9. The greater length of m3 as compared with mg in the 

(I ibboii. 

10. The presence of a strong cingulum in the fossil genus which 

is absent in the Gibbon. 

Of these 4 to 10, though, in my opinion, sufficient to justify 

generic se})aration, are not incompatible wdth the supposition, which 

appears to be generally held, that Pliopithecus represents an ancestral 

typo from which the Gibbon directly descended, since we either 

may be certain or have strong reason to suppose that, they are primi¬ 

tive characters : 10 may be primitive, but in any case we are not 

justified in regarding it as essential. On the other hand it seems 

impossible to suppose that a genus possessing characters 1 to 3 

could have been on the direct line of ancestry of the Gibbon. 

With regard to 1, most of the primitive Primate types, except the 

> Dtihois, IVbor <lroi ausgoBtorbenc ]VlenschenalT«n. Ne'uc.f Jahrh. /. Min. Oeol., y,. 
Pat., vol. I. (1897), p. 97. 



Paet 1.] Pilgrim : New Siwalik Primates, etc. 63 

Cebidce, possess long premolars, while in the modern anthropoids the 

length of these teeth is very decidedly less. Moreover such facts as 

are at our disposal regarding the course of development of the anthro¬ 

poids, shown for example in the genera which fairly obviously may 

claim descent from Dryopiihecm and in the prehuman genera 

Eoanthrofus and Sivapithecus, lead us to imagine that the tendency 

has been for the breadth index of the premolars to increase rather 

than to diminish. 

With regard to 2, nothing points otherwise than to the conclusion 

that such a symphysis as that possessed by Pliopithecm is a later 

development, seen in no single case amongst primitive Primate types. 

Additional evidence in favour of the view here advocated is 

afforded by the Oligoceno genus Propliopitliecus from the Egyptian 

Fayum. Rchlosser Las expressed the opinion that this genus is so 

nearly allied to Pliopiihccus that it can be regarded as its direct an¬ 

cestor.^ There seems to be hardly anything against this. It is, at all 

events, separated by so great a time interval from Pliopithecus that 

even if it be not its direct ancestor we may yet gather from it the 

direction of evolution followed in the Pliopithecus line. Accordingly 

we may note the short symphysis and the lesser divergence of the 

rami of Propliopitliecus as supplying evidence in favour of the view 

set forth above. 

The extremely large breadth index of all the teeth, but especially 

of the front prcmolars, is apparently opposed to it. Equally so, 

however, would the fact that m^ is shorter than m2. There can, 

however, be no doubt that the latter character is typical of an 

advanced stage of evolution. Consequently, I am of opinion that 

the large breadth index in the dentition of Propliopitliecus is also 

a precocious development, and, points to Propliopitliecus being an 

early offshoot from the main Pliopithecus line, in which certain 

features, generally characteristic of a much later stage, have pre¬ 

maturely arisen. It may be observed that features of a precisely 

similar advanced type occur in the otherwise primitive family of 

the CehidcB. 

The question of the canines in this branch merits consideration. 

Are the small canines in Projdiopifhecus an instance of precocious 

reduction, similar to what has occurred at an extremely recent 

period in the case of the Hominida, or were the canines of the 

^^Sc'hloflsor, 1. c., p. 54. 
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Anthropoidea primitively small ? The answer to this can only be 

hazarded as a i^uess. One is, however, inclined to presume that the 

reduction of the caninciS in Man is too recent to be regarded as other 

than a jdiysiolo'jk^ul adaptation, associated with his upward progress 

towards civilization and possibly adoption of tools. Further the 

milk canine in the anthropoid apes tends to be smaller than the 

[)ermanent canine, just the reverse of the condition observed 

In the milk canine of Man, which is larger than the permanent 

canine, suggesting that wliat occurs in the history of the individual, 

has also occiu rcd in the history of the race; in each case it is the 

characters of its more recent ancestors which are reproduced in the 

milk deni if ion. Schlossor^ has’ suggested that in the Primates gener¬ 

ally th(^ canine may have originated as a front premolar which 

graduallv assumed a caniniform shape, the original canine coming 

to fiim‘tion as an incisor. This transformation is generally believed 

to hcivc taken place in the Lernuroidea, and such a hypothesis 

for the Simii(l(v would explain the sfnall size of the canines in Pro- 

pliopifliccns. Even in Pliopithecus, which is the next oldest of the 

Anthropoidea to Propliopifheam, the canines are relatively small, 

but for the most ])art the various anthropoid lines must by that 

time have accpiired canines of the normal type, assuming that 

originally they had small ones. Subsequently in the Hominidm 

alone a recent reduction has occurred. 

On this series of facts and deductions therefrom rests my con¬ 

clusion that VUopithecus cannot be on the juain line of ascent to 

the (fib])on, but niUvst have bratiched ofl' at a comparatively early 

date, rapidly s[)ecia.lizing on certain lines of its own and on other 

lines whicli wei'c to bo followed at a much later period by other 

grou])s of the anthropoid apes and Man. 

The long symphysis, the outward j)osition of the mesoconid 

and the more complex m.^ equally proliibit us from placing it on 

tlie Sirapitheem line and niake it clear tliat it mmst, at all events, 

have started on the line of development followed more completely 

by Drifo pith ecus'. On the other hand, the increase of the distance 

between tlie hinder portions of the two mandibular rami, the entire 

absence of wrinkling of the enamel and above all the reduction in 

lengtli of the front ])ortion of the ramus, including the front molar 

as well as the two ]>remolars--a reduction which in a lower Miocene 

^ Schlosser, l.c., p. 54. 



Part 1.] Pilgrim: New Siwalik Primates^ etc. 65 

form is especially striking and significant—^is entirely opposed to 

any idea of a long continuance on the Dryo'pithecus line. Plwpithecus^ 

then, in my opinion represents an early offshoot from the line of 

Dryo'piihecus and the recent African apes. 

The same arguments, which have been stated above against 

the theory that Propliopithecus was the direct ancestor of Pliopi- 

thecuSy apply equally against assigning to it any position on the lines 

to the Gibbon or to Sivapithecus and Man. There remains, therefore, 

the most probable supposition that it started on an early branch 

from the Dryopithecus line in common with Pliopithecus, but separa¬ 

ted from the line of the latter genus almost immediately, specializing 

in the most remarkable way by the broadening of the premolars and 

the reduction in length of m3. 

PalcBopithecus is, unfortunately, known only by the palate and 

^ ^ upper teeth. It is, however, evident that 

its narrow palate points to a primitive con¬ 

dition and, therefore, that the species must either be on the 

Dryopithecus line or be a later representative of a form which was 

on the main line previous to its division into the Sixxipithecus and 

Dryopithecus branching. The small size of the incisors in this species 

is equalled only by that of Dryopithecus. Although the structure of 

the mandibular symphysis is unknown, yet the flatness of the front 

portion of the palate proves that no shortening of the symphysis, 

such as has taken place in Man and to a rather less extent in 

Sivapithecus, can have occurred. The most striking difference from 

Dryopithecus consists in the great breadth of the teeth. If this 

large breadth index were due to reduction from the hinder end of 

the series, as has taken place in the Orang and the Gorilla, then 

the first molar should have a smaller breadth index than the 

second and third. We do not, however, find this to be the case in 

PalcBopithecus. Further, m^ in Palwopithecus does not show many 

signs of advanced degeneration, and m^ none at all. It would 

seem, then, that the teeth have broadened without degenerating. 

The large breadth index of the premolars as well as that of the 

first molar shows that the shortening has occurred in the anterior 

portion of the jaw. The condition, in fact, recalls that in Pliopithecus \ 

this afiSnity has already been suggested by Dubois^, and it certainly 

seems reasonable to regard PalcBopithecus as a later and more 

^^^Pubois, I.C., p. 96. 

F 
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advanced representative of a branch, from which Pliopithecus had diver¬ 

ged earlier. The vestigial cingulum is reminiscent of Pliopiihecm, 

while on the other hand the folding of the enamel and the greater 

reduction of pm® are later developments. Judging by analogy 

with Pliopithecm, it is likely that Palceopithecus had an equally 

long symphysis. 

Griphopiihecus, known only by the last upper molar, may con“ 

jecturally be placed on this line in virtue of its 

exceptionally large breadth index, unaccompanied 

by any particular reduction in the number or size of the cusps. 

The Oorilla bears obvious signs of being descended from Dryopi- 

The Gorilla thecus by its narrow mandible, its long and 
deep symphysis, its elongated premolars, and its 

comparatively low breadth index. It was probably descended from a 

marginal hypothetical species of Dryopithecus with higher cusps and 

a lesser amount of wrinkling. Evidence for the existence of such a 

marginal species, may be found in the species D. yiganteus and D. 

chinjiensis, the latter of which, indeed, might even be the direct 

ancestor of the Gorilla. 

The Chimpanzee shows a reduction in the upper tooth series, 

greater than that of any of the other recent 
The Chimpanzee. genera except Man; this is, however, a later 

development. The greater degree of wrinkling of the enamel and 

the lowness of the cusps would suggest that it is not on the same 

subsidiary branch from Dryopithecus as the Gorilla, and the broader 

mandible and shorter symphysis than Dryopithecus inclines me to 

the opinion that it sprung from an ancestral form, farther back 

on the main Dryopithecus line than the genus Dryopithecus itself. 

The existence of a last upper molar at the same horizon as 

palffiOBimia and the Dryopithecus, which has an enamel so crenulated 
Orang. as to bear comparison only with the Orang, 

inclines us to consider its owner as the ancestor of the Orang. The 

structure of this tooth admits of a close comparison with Dryo¬ 

pithecus, but it is difficult to regard it as generically identical with 

the latter. It has, therefore, been assigned to a new genus, which 

has been called Palwosimia, The structure of the other teeth and 

of the mandible in Dryopithecus and the Orang are very similar. 

There are, however, differences in cranial structure from both the 

Chimpanzee and the Gorilla, which point to a lesser degree of 

specialization in the Orang. It is necessary, therefore, to consider 
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PalcBosimia as "branching off from the Dryopitkecus line previous 

to the Chimpanzee and the Gorilla and passing through a marginal 

hypothetical species of Dryopithecus, 

Following Dubois^, the affinities of the femur from the pontian beds 

of Eppelsheim may be considered to lie rather 
0 y 0 a es. Gibbons, and that author’s name for 

it of Pliohylobates eppelsheimensis has an equal right with Pohlig’a 

Paidopithex rhenanus to be accepted as the name of the genua and 

species, since both were published at the same meeting.^ Dubois’ 

name appears to have attained a certain vogue, while Pohlig’s name 

of rhenanus has been employed by Schlosser for a species of Dryo- 

pithecus, in which the Eppelsheim femur is included by that 

author. It seems better, therefore, to adopt the name of Pliohylobates 

eppelsheimensis for this specimen, as long as it continues to hold 

any title to separate generic and specific recognition. 

As Neopithecus, Abel, {Anthropodus, Schlosser) is known only by a 

Neo ithecus lower molar its affinities are very obscure. 
On account of its low breadth index, and low 

cusps, accompanied by a folding of the enamel which is certainly 

less complicated than in Dryopithecus, and is no greater than in 

some early types of Man or in Pithecanthropus, I place it provi¬ 

sionally on a branch which left the Eoanthropus line at an early 

date, and has retained many primitive features of the anthropoid 

stock. 

Anthropodus, Lapouge^, being founded solely on an isolated 

upper incisor and a jugal, is too little known to 

be included in this phylogenetic survey. 
Anthropodus. 

^ Dubois, 1. c., p. 97. 
® Socim Edge dp- Q^ologie, Pal. d Hydrol. seanco du 29th Oot. 1895. 
^ G. do Lapouge, Note sur un n<Hivoau singe pliocene, Bull. Soc. Scien. et Med. de V 

OueM, du 4® trimestro 1894. Rennes, p. 202—208. 
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(?) 

'Length^ .... 6-6 7-6 4-5 

Breadth .... 9-7 11-8 7-0 
Pm» ^ 

Height .... 6-5 •• •• •• 

^Breadth Index . 146-9 167-3 166-6 

'Length .... 7-0 4-6 

Breadth .... 9*6 6*0 
Pm» • 

Height .... 6-2 

^Breadth Index 136-7 133-3 
_ 1 
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anOirofoid upiper molars and premolars. 

6d 

* From a skall in th« Indian Miueum (So, 4 b), the type of Sknia brookei, Blyth, Jour. Ab. Soc. Bengal, xxn (1863), PI. I, n. 
t Ind.Ma8.No.184. 
t Ind. Mas. No. 7687. 
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Table of dimensions and breadth indices of 
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anthropoid lower molars and premolars. 

71 
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Table of ratios of lengths of last two Molars of Anthropoids, 

Length of 
m3X 100 

Length of m2 

Length of 
m*x 100 

Length of m* 

Dryopithecus punjabicus ..... 107-7 90-6(?) 

Dryopitheous fontani (Saint CaudeiiH) 104-1 •• 

Dryopithecus fontani (Lerida). 104-5 -- 

Sivapithccus indicus ...... 110-0 •• 

Palfisopithecus sivalensis. •• 86-6 

Propliopifchecus haeckcli ...... 96-4 •• 

Pliupithecus antiquus ...... 110-1 92-8 

Simia satyrus. 94-2 90-0 

Gorilla savagei. 101-2 83-8 

Hylo bates leuciscus ...... 88-1 80-0 

Hylobates agilis. 80-9 69-2 

Anthropopitheous niger. 90-7 •• 

Eoanthxopus dawsoni. 91-7 (?) •• 

Man. 100-0 93-6 

EXPLANATION OP PLATES. 

PLATE I. 

Pig. h^—CercopithecTi8 (?) asnoti Pilg. right maxilla with and mm.* 1 
side view, la surface view x2. From the Middle Siwaliks of 
Hasnot, Punjab (Ind. Mua. D. 12 ) Page 3 

Pig, 2.—Cercopithecus (7) asnoti Pilg. last upper premolar developed out oi 
the specimen in fig. 1, 2 side view, 2a surface view x3. 

Fig. 3.—Cercopithecua (?) asnoti Pilg. left maxilla with mm® and mm*, 3 side 
view, 3a surface view x2. From the Middle Siwafiks of Hasnot, 
Punjab (Ind. Mus. D. 121) Pago 4 

Fig. 4.—Macacus (?) of. aivalenaia Lydekker right mandibular ramus with mj 
and m| 4 side view, 4a surface view x 3. Form the Middle Siwaliks 
of Hasnot, Punjab (Ind. Mus. D. 184) Page 6 
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Fia. 5.—Dryopithectia punjabicus Pilg. right mandibular ramus with m3 and 

the broken mj 6 surface view, 5a side view, natural size, 5b m3 in 

the same specimen x3. From the Lower Siwaliks of Chinji, 
Salt Range (Ind. Mus, D. 118) Page 9 

Fig. 6.—Dryopithecus punjabicus Pilg. left mandibular ramus of the same 

individual with mg and the broken m3, 6 surface view, 6a side view 

of mg in this specimen, natural size. From the Lower Siwaliks 

of Chinji (Ind. Mus. D. 119) Page 9 

Fig. 7.—Sivapithecus indicu>s Pilg. last right lower molar, surface view, natural 
size. From the Lower Siwaliks of Chinji (Ind. Mus. L. 176) 

Pago 39 
Fig. 8.—Sivapiihecus indicus Pilg. right mandibular ramus with mg to pm^ 

and the broken m3 pmg and the edge of the alveolus of the canine, 

8 surface view, 8a side view from the outside, 8b side view from 

the inside, natural size, 8c mg in the same specimen x 3. [/= 

mental foramen] From the Lower Siwaliks of Chinji (Ind. Mus. B. 

177) Pago 34 

Fig. 9.—Sivapiihecus cf. indicus Pilg. right front lower promolar, 9 surface view, 

9a external side view, 9b back view, all figures X 2. From 

the Nagri zone of Haritalyangar, Belaspur state, Simla Hills. 

(Ind. Mus. I). 190.) Page 45 

PLATE II. 

Fig. 1.—Sivapiihecus cf. indicus^ Pilg. left half of the mandibular symphysis 

with the canine and the roots of two incisors and of the front pre- 

molar, 1 surface view, la front view, lb back view, Ic outer side 
view, Id inner side view, all natural size, [ar—front root of pmg 

pr=r: hinder root of pm.^] From the Nagri zone at Haritalyangar, 

Belaspur state, Simla Hills. (Ind. Mus. D. 189.) Page 42 

Fig. 2.—Sivapiihecus indicus (?) left maxilla with two front molars, surface 
view natural size, from the Nagri zone of Haritalyangar, Belaspur 

state, Simla Hills, (Ind. Mus. I). 191.) Page 47 

Fig. 3.—Sivapiihecus indicus, (?) left upper canine, 3 external view, 3a front 
view, 3b back view, 3c internal view, all natural size, from the 

Lower Siwaliks of Chinji. (Ind. Mus. D. 192) Page 47 

Fig. 4.—Dryopithecus punjabicus Pilg. left front upper molar, surface view 
x3. From the Lower Siwaliks of Chinji. (Ind. Mus. I). 187) 

Page 22 

Fig. 5.—Dryopithecus cf punjabicus Pilg. last left upper molar, surface view 

x3. From the I^wer Siwaliks of ChinjL (Ind. Mus, D. 186) 

Page 23 

Fig. 6,—Dryopithecus chinjiensis n. sp. last left lower molar, surface view 
natural size. From the Lower Siwaliks of Chinji (Ind. Mus. D. 

179). Page 25 
Fig. 7.—Dryopithecus chinjiensis n. sp, first left lower molar, surface view 

natural size. From the Lower Siwaliks of Chinji (Ind. Mus. D. 180) 

Page 26 
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Fio, 8,—Drf/opt//iccu^- ffiffa/ilef/s n. Bp. last light lower molar, surface view 

X 2, From the base of the Middle Siwaliks near Alipur, Bakrala 
ridge (Ind. Mas, D, 175) Pago 27 

Flo, iK—Palmosimia rugosidena n, gon, n, sp. last right upper molar, surface 

view x3. From the Lower Siwaliks of Chinji. (Ind. Mus. D. 
i88) Page 29 

PLATE III. 

Pig. l,—DryovithecuH punjobicus Pilg, right maxilla with mg, nii, pm^ and 
pm 3, surface view x:{. From the Nagri horizon of the Middle 
Siwaliks at Hari Talyangar, Bclaspur state, Simla Hills. (Ind. 
Mus. J). 185) 16 

Fig. 2.—Drgopithecua punjabicus, Pilg. same maxilla, side view x 3. 

PLATE IV. 

Table showing the suggested evolution of the Anthropoid apes and Man. 
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The Brachiopoda of the Namyau Beds of Burma: 

Preliminary Notice by S. S. Buckman, F.G.S. 

The Brachiopoda from the Namyau Beds belong to the families 

Rhynchonellidoi and TerebratuUdw, the number of specimens of 

the former greatly predominating. At first sight the material appeared 

to be unsatisfactory and uninteresting; but closer investigatioji 

showed that the specimens were certainly of considerable interest, 

though many were in a somewhat unsatisfactory condition from 

crushing. 

It happened that the specimens had with few exceptions been 

burnt : thus their tests flaked off and exposed to view certain 

internal details, such as muscle-marks, dental plates, etc. Then it 

became obvious that it was necessary to burn known species for 

comparison. As the burning proceeded it was seen that the in¬ 

vestigation was by no means a simple one ; but that the results 

obtained were furnishing most important data both for a classifica¬ 

tion of the families concerned and for ascertaining dates of species 

of unknown age. 

It soon became evident that the Namyau Brachiopoda were 

from strata of Jurassic age, and that a classification of the Jurassic 

Rhynchonellidoe and Terehratulidco would be necessary to explain 

their affinities. The following is an outhne of the classification 

projected. 

Family, EHYNCHONELLiniK. 

The Rhynchonellidoe are divisible into three main series— 

Lceves, Capillatce, Ornatce. Lceves are smooth and develop ribs 

directly on a smooth stage ; Capillatw have hair-hke lines (stria)) 

and then may develop ribs; and Ornatw have additional ornament, 

like imbrication, or spines. 

The type of Rhynchonella, R, loxia, Fischer, is one of the Capillatw. 

The actUa group, which so much resembles it, belongs to the Lceves, 

and so must be removed. The result is that Rhynchonella, which 

once covered hundreds of species from Ordovician to Recent, 

must now be confined, so far as present knowledge goes, to one 

species, R. loxia. Cretaceous developments may be looked for; 

but many Cretaceous species belong to Cyclothyris, M'Coy, distin- 
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guished by obsolete or obsolescent dorsal septum and broad dorsal 

muscle-soars. 

Genera.* Genotypes.® Remabks. 

♦ Pisirhynchia 

♦ Holcorhynchia 

* Gnathofhynchia 

* Calcirhynchia 

R. pisoides, Zittel 

R, standishensis, S. Buckm. 

G, liostram, S. Buckm. sp. 

C. calcartUy nov. 

1 
1 
1 

R, calcicosta, Dav. 

* Sphenofhynchia 

* Kallirhynchia 

* Trofiorhynchia 

* Piarorhynchia 

* Cuneirhynchia 

* Curtirhynchia 

* HomoBorhynchia 

* Rhynchonelhidea 

* Costirhynchia 

S. plicatella. Sow. sp. 

K, yaxleyensis, Dav. sp. 

T, thalia, d’Orb. sp. 

P, radstockensis^ Dav. sp. 

C, dalmasi, Dum. sp. 

C, oolitica, Dav. sp. 

H, acuta^ Sow. sp. 

R, Tuthenensis, Reynfes sp. 

C, costigera, nov. 

series 

R, subringensy Dav. 

* Grandirhynchia 

* Tetrarhynchia 

* Quadratirhynchia 

* Gihbirhynchia 

G, grandis, nov. 

T, tetraedray Sow. sp. 

Q, guadraia, nov. 

G, gihbosa, nov. 

series 

R, amaUheiy Dav. 

* Rudirhynchia R, rudisy nov. 
series 

T. cahicostay Quen. 

* Stolmorhynchia 

* Ptyctorhynchia 

* Glohirhynchia 
Burmirhynohia 

S, stolidotay nov. 

P, pentaptyctUy S. Buckm. 

sp. 
LjEVEi^ ? 

G, subobsoleta, Dav. sp. 

B. guMa, nov. 
1 

series 

1 Names with asterisk wore proposed in a leaflet “ Cen. of some Jurassic Brachio- 
poda,” published by Messrs. Wesley & Son, London, June, 1914. Names in heavy 
tyj»e are new. 

* Genotypes are written with sp. to denote that the species to be subsequently 
Alfred in the memoir in the Palseontologia Indica will be the actual types, in case of 
questions of misidentifloation. 
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Genera. Genotypes. Eemahks. 

Ljeteh ? 

* Rhactorhynchia R. rhacta, nov. R, suhtetrahedray 

Dav. and R, obso- 

letCy Dav. series 

* Goniorhjnchia G, goniceay nov. R, houetiy Dav. 

* Russirhynchia R, fischeriy Rouillier sp. 1 series 

* Gyrmtorhynchia C. cymatophorina, S. Buckm. 

ep. 

* Kutchirhynchia K. kvtchemis, Kitchin sp 

Cafillat^. 

* Maxillirhynchia M, implicatay nov. 

* Parvirhynchia P. parmluy Deal. sp. 

Rhynchonella, 

Fisch. 

R. loxiUy Fischer 

* Tfichorhynchia R, deslongchampsi, Dav. 

* Capillirhynchia C, wrightiy Dav. sp. R, furcillatay Dav. 

* Furcirhynchia F, furcatay nov. series 

* Lineirhynchia L. cotteswoldicBy Upton sp. 

Cavillatje ? 

* Rimirhynchia R, rimosiformiSy nov. R, rimosa, Dav. 

* Prionorhynchia P. serratay Sow. sp. 

ORNATJFj, 

series 

* Squamifhynchia S. squamipleXy Quen. sp. 

* Flabellirhynchia P. lycettiy Dav. sp. 

* GranuUrhynchia G, granulatUy Upton, sp. 

* Cryptorhynchia C. pulcherrimay Kitchin sp. 

* N annirhynchia N, subpygmcea. Walker MS. 

1 

R. pygmceay Dav. 

series 

* Striirhynchia S. dorsetensisy S. Buckm. sp. 

* AcarUhorhynchia A, panacanthinay B. & W. sp. 

Acanthothiris, 

d’Orb. 

A. spinosay d’Orb. sp. 

Family, Terebratulid-®. 

These are divisible like the RhynchoneUidcB into Lceves, CapiV 

l(UcB and Ornatw^ with the advantage that there are no I^ves pr 
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Capillato} of doubtful origin, because the prior stage has not, as with 

several RhynchonelUdfc, been obscured by development of multi¬ 

plication. 
In addition to these groups it has been convenient to make 

one of R'kJUfosw, for species with strong transverse ornament. 

Gonora. <U>notypt‘H. IiEMARKS. 

Orthotowa, Quenst. 

Pseudoglossothyris, 

S. Buckm. 

* Linguithyrifi 

JjJKVEff. 

L. bifida, Rothp. sp. 

Nwlcata, Quenst. Glossothyris, Dou- 

Anti now ia ^ Cat. ville 

Pygope, Link 

Pygites, Ilaan 
Euidothyris E. aff. euides, S. Buckm. sp. 

* Ptyctothyris P, stephani, l)av. sp. 

Eeimin, Haas. 
Charltonithyria C. uptoni, S. Buckm. sp. 

* Lohothyris L. punctata, Sow. sp. 

* Cererithyris C. intermedia, Sow. sp. 1 
StiphroihifHs S. tumida, Dav. sp. 1 1\ globata, Auctt. 

Stroudithyris S. pisolitkica, S. Buckm. sp. 

* Loboidothgris L, perovalis, Dav. sp. 

Kutchithyris K, acutiplicata, Kitchin sp. 

* Lophrothyris L. etheridgii, Dav. sp. 

Tubithyris T. wrighti, Dav. sp. 

* SpliWToidothyris S, spliwroidalis, Auctt. sp. 

* Goniothyris G. gravida, Szajn. sp. 

Efithyris, Phillips 

Plectothyris P. fimbria. Sow. sp. 

* Plectmdothyfis P, polyplecta, S. Buckm. sp. 

Tegulithyris T. bentleyi, Dav. sp. 

Terebratidina, 

d'Orb. 

Disculina, Desk 
Trichothyria 

Capillat^, 

T. compressa, Kitchin sp. 

Holcothyris H, angulata, nov. 
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Genera. 

Rugithyris 

Genotypes. Remarks. 

Roaof^js, 
R, suhomnhgaster, S. Biickm.! 

Ornate. 

Cheniothyris C. morieri, Desl.-Dav. sp. 

Dictyothyris, 

Donville 

In the above classification the genus Burmirhynchia is created 

for the bulk of the Burma RhynckonelUdcp; but a few of them 

may belong to the genus Sphenorhynchia—the doubt that exists is 

owing to the poor condition of the specimens. 

The genus Burmirhynchia has outwardly some resemblance to 

the genus Rhactorhynchia, of which the Bathian (Great Oolite and 

Bradford Olay) species have usually been called collectively the 

ofcsotoa-series: Davidson’s identification, however, is certainly in¬ 

correct. Internally Burmirhynchia differs decidedly from Rhacto- 

rhynchia. Externally also it bears much resemblance to Kalli- 

rhynchia^ a genus now proposed for what has hitherto been known 

colloquially as the roricmna-series, appertaining principally to the 

Bathian (Cornbrash). Internally there is good distinction. 

A further European Bathian (Great Oolite) series, to which 

Burmirhynchia bears a general resemblance, is that of Rh. hopkinsi, 

Davidson. Here, however, there has been some difficulty in ob¬ 

taining good internal details. But when investigation was extended 

to various other European Rhynchonellids of the Bathian, loosely 

grouped under the names R. ohsoleta or R. concinna, it was found 

that these species showed internal characters agreeing with those 

of Burmirhynchia. It was seen that the burning process, by reveal¬ 

ing internal details, afforded what have hitherto been lacking — 

satisfactory data for the separation of a large body of species of 

Rhynchonellids of the Bathian,—a mass of species practically un¬ 

known to science, because there had been no efficient method of 

discrimination. 
On the evidence of these species the Burma Rhynchonellids 

are of Bathian (Great Oolite) date, and the Namyau beds are a 

formation of Great Oolite times, possibly earlier than the Patcham 

strata of dutch. 



80 Records of the Geological Survey of India. [Vol. XLV. 

There are about 40 species of BurmirTiynchia from the Namyau 

beds, divisible into several series, showing good sequences of devel¬ 

opment. 
The TerebratuUdoe from the Namyau strata do not give any good 

evidence for geological date, because they are not comparable 

with any Jurassic species yet discovered ; but in regard to brachiopod 

evolution they are more interesting than the Rhynckonellidce. 

For the Namyau TerebratuUdoe it has been necessary to make 

a genus Holcothyris; and the name was given because they show 

the method by which dorsally sulcate species like Pseudoglossothyris 

can develop into biplicates. This is the first lesson which the 

Namyau TerebratuUdce taught, but it has led to a whole series 

of disooveries. However these Namyau forms are separated from 

other Jurassic biplicates by the fact of possessing good capillate 

ornament: this places them in the restricted series of Terebratulce 

capillatcB in the above classification. 

Search for European Jurassic species comparable to Holcothyris 

resulted in a remarkable discovery: that there is in the Bradford 

Clay of England a whole series of species showing the same sequence of 

development as the Burma Terebratulids, but they are not capillate, 

and they therefore take their place among the Terebratulidce Iceves. 

But what is also remarkable about them is that they are, with the 

exception of one small species, T. bradfordiensis, Walker-Davidson, 

wholly new to literature: this shows how little is really known 

about the geological fauna of a country supposed to be well- 

explored ; and, therefore, no surprise need be felt that the Burma 

brachiopods are new to science. I found these English species 

chiefly in the cabinet of Mr. J. W. D. Marshall, but their recognition 

must be credited to the Burma Terebratulids : they gave the clue. 

There are about 20 species of Burma Terebratulids of the genus 

Holcothyris, which can be arranged in several series showing interest¬ 

ing evolutionary changes. The manner in which they have, directly 

and indirectly, enlarged the field of knowledge with regard to 

Terebratulid morphogeny can hardly be exaggerated. 

It will be noticed that in the above classification certain genera 

have been founded on species described by Dr. F. L. Kitchin from 

the Jurassic strata of Cutch.^ These genera are, among Rhynchonel- 

lids, Kutchirhynchia and Cryptorhynchia, among Terebratulids, Kut^ 

chithyris and Trichothyris, It was necessary, seeing that the Pat- 

» Pal. Ind. (9) HI, 1900. 
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cham beds of Cutch were presumably so nearly of the same date as 

the Namyau strata of Burma, to investigate the Cutch species; 

and my cordial thanks are due to Dr. Kitchin for placing specimens 

at my disposal, as well as for the kind encouragement which he has 

always so readily given. This Burma investigation has therefore 

been the means of adding to a knowledge of the Cutch species. 

Summary. 

The Namyau beds of Burma have yielded about 40 species of 

Ehynchonellids and about 20 species of Terebratulids, all new to 

science. The evidence points to these beds being of Bathian age, 

about the date of the Great Oolite. Between them and the under¬ 

lying Napeng Beds of Rhaetic age there must, therefore, be a non- 

sequence of some 8 or 9 ages. 

The burning of the Namyau brachiopods has suggested a new 

method of investigation for internal characters, and this has led to a 

detailed classification of Jurassic RhyncJtoneUida} and Terebra- 

tulidoB. This method of investigation must in the future become 

particularly important, since it affords much surer grounds for 

discrimination of species. 

o 
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MISCELLANEOUS NOTE. 

Gypsum in Dholpur State. 
While 1 was ii) Dholpur in November 1913, the Maharaj Kana showed 

me some small ])ieees of selenite of local origin, which were being sold in the 
bazar under the name ghurddntJi hartal. Hartal is the usual Hindustani 
name for orpimcnt, sulphide of arsenic, which is used in Indian medicine 
as a depilatory. Of (fhurdo.ntU 1 was unable to get a translation from local 
informants or from (lictionaries, but 1 suggest that its meaning is “ horse- 
toothed ” (Himii qhur horse, and daritili toothed) on the analogy of “ dog¬ 
tooth spar.” The selenite was said to be used medicinally, but for what 
particular purpose in this (‘ase I could not ascertain. 

The situation of the deposit from which it came is midway between the 
small villages of Ghuriakhera and Kathumri, about a quarter of a mile 
from the (-hambal river. The latter village only, Kathumri, is indicated 
on the liidian Atlas (2()' IT, 78^' (>'), and lies about eight miles east of 
Dholpur city. 

The occurrence is similar to that in the Hamirpur distri(*t, described 
by La Touche^ though quite distimd in origin and is probably analogous 
to the much larger deposits in Jodhpur and Hikanir. The type of country 
is the same as that in which th<‘ Hamirpur gypsum was found, a wilderness 
of tortuous, deep, and vertical-sided ravines, (*ut back by monsoon torrents 
in the kankar-bearing alluvium, the surface of which lies far above the highest 
flood-level of the (Jhambal at the ])resent day. 

In a small hillock of this nodular alluvium, isolated by denudation, a 
dark carbonaceous layer, a foot thick, is seen to outcrop horizontally nearly 
all round the circumference of (he hillock at a depth of about thirty feet 
below jts top, but much farthei’ below the uppermost surface of the undis¬ 
sected alluvium. The selenite, in imperfect crystals of a maximum length 
of H inches, usually considerably less, is scattered sparsely through this 
dark layer, and is assoc-iated with freshwater mollusca of which my colleague 
Mr. G. H. Tipper has vejy kindly given the following determination :— 

“ They are dwarfed forms and do not show any decided evidence for 
an age older than recent— 

Vnio sp. allied to cornn/atus Muller. 
i'orhicaJa sp. allied to orcidens Benson. 
Mela)}ia tuberculata var. 
Viripara sp. 
Succinea sp. 
Plaaorbis sp.” 

* Bee, Oeol. Surv. Ifid., XXXVII, Pt. 4, pp. 281-5. 
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Below the gypsiferous bed is a coarse sand, succeeded in turn by normal 
alluvium, which also overlies the bed to the top of the section. Evidently 
the gypsum has been deposited during the dessication of a small saline lake. 
The bed was not traceable into the adjacent masses of alluvium nor does 
the gypsum occur throughout the stratum. 

\ fThe occurrence is of no etonomic importance but is interesting as an 
example of a mineral unusual in Indian n cks of post-Tertiary age. 

A. M. Heron. 
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Enoinekrinu Questions—Darjeeling landslips . . . 02—011 110 

Geological Surn eys— 

Bombay^ Central India and Rajputana :—Mr. IT. C-. Jones, Tonk 
State ; Mr. A. M. Heron, Jai})ur, Karauli, Kotah and Tonk ; 

Mr. N. I). Daru, Sunt h, Banswara and Dungarpur; 04—110 120 
Burma :— Mr. G. H. Tip])er ; Mr. G'. d(‘ P. Cotter, Pakokku ; 

Mr. H. S. Bion, Minbu ; Sub-Assistant S. S(‘thu Rama 
Rau^ Thayetmyo . . . . . . . . Ill —12.‘> 124 

Central Provinces Dr. L. li. F(‘rmor, Mr. C. S, Fox, CJdiind- 
wara ; Mr. R. C, Burton, Seoni and Balaghat; Sub-Assist¬ 
ant M. Vinayak Rao, Seoni and Mandla . . . 124—125 127 

Mr. H. S. Bion ....... 1,30—141 1.34 

Tran s-Frontier Exri.oRATiON— 

Dr. H. H. Hayden, Chitral,Chinea<* Turkestan and Pamirs . 142—14S 125 

DISPOSITION LIST. 

I. During the period under report the Officers of the Depart¬ 

ment were employed as follows :— 

Supermtenden ts. 

Mr. V, S. Middlemiss . Keturned from leave on the after¬ 

noon of the 8th January 1914. 

At Head-quarters, appointed to 

officiate as Director, Geological 

Survey of India, from the 6th 

April 1914. 
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Mr. E. Vredenburq . At head-quarters, engaged on the 

description of Indian fossils. 

Placed in charge of Bombay, 

Central India and Raiputana 
Party. 

Dr. L. L. Fermor . Returned from leave on the 18th 

October 1914. Placed in charge 

of the Central Provinces Party 

and left for the field on the 5th 

November 1914. 

Assistant Suferinlendents. 

Dr. G. E. Pilgrim . At head-quarters as Palaeontolo¬ 

gist and in charge of office. 

Mr. G. H. Tipper . Returned from the field on the 14th 

April 1914. Deputed on the 

22nd November 1914 to inves¬ 

tigate the building materials 

at 8imla. Returned to head¬ 

quarters on the 15th Decem¬ 

ber 1914. Placed in charge 

of the Burma Party. 

Mr. H. Walker . . Returned from leave on the 24th 

April 1914. Posted to the 

C-entral Provinces Party and 

left for the field on the 14th No¬ 

vember 1914. 

Dr. E. H. Pascoe . Returned from the field on the 

11th January 1914. Granted 

privilege leave combined with 

furlough for 11 nu)nth3 and 3 

days with effect from the 29th 

January 1914. Returned from 

leave on the 8th December 

1914. Deputed to carry out 

the investigation of the oil¬ 

bearing regions of the Punjab and 

North-West Frontier Province. 

b2 
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Mr. K. a. K. Hallowes At head-quarters. Deputed on 

the 11th July 1914 to collect fos¬ 

sil remains in Patiala. Returned 

to Calcutta on the 18th July 

1914. Posted to Central Pro¬ 

vinces party and left for the field 

on the 29th October 1914. 

Mr. G. de P. Cotter . Returned from field on the 28th 

May 1914. Reposted to the 

Burma Party and left for the field 

on the 18th October 1914. 

Mr. J. (.^oggtn Brown At head-quarters as Curator. De¬ 

puted to carry out the geological 

investigation of the Bawd win 

Mines and District. Left for 

the field on the 1st November 

1914. 

Mr. H. C. Jones . . Returned from the field on the 

20th May 1914. Appointed 

Curator, Geological Museum and 

Laboratory, from 1st November 

1914. 

Mr. a. M, Heron . Returned from the field on the 23rd 

April 1914. Acted as Lecturer 

on Geology, College of Science, 

Poona, from May till September. 

Reposted to Bombay, Central 

India and Rajputana Party and 

left for the field on the 21st Oc¬ 

tober 1914. 

Dr. Murray Stuart . Returned to head-quarters on the 

8th July 1914 on termination of 

the period of his deputation as 

Professor of Geology at the 

Presidency College, Madras. 
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Mr. N. D. Daru . 

Mr. II. S. J^ioN . 

Mr. C. S. Fox 

Mr. E. C. Burton 

Deputed on the 25th August 

1914 to report on certain road 

metal quarries in Bihar and 

Orissa. Returned to head-quar¬ 

ters on the 31st August 1914. 

Posted to Bombay, Central 

India and Rajputana Party and 

left for the field on the 21st Oc¬ 

tober 1914. 

Returned to head-quarters on 

the loth May 1914. His services 

permanently transferred for 

employment in the Indian 

Educational Service as Pro¬ 

fessor of Geology at the Madras 

Presidency College, but on 

probation for one year with 

eflect from the 23rd June 

1914. 

Rctuined from the field on the 

23rd April 1914. Deputed to 

Kashmir for field work from June 

till October 1914. Reposted to 

Burma Party and left for the field 

on the 20th December 1914. 

Returjied from the field on the 

27th May 1914. Granted pri- 

vilciie leave for 3 montlis with 

elfect from tlie 18th September 

1914. 

Returned from the field on the 1st 

May 1914. i)ej)uted to Dar¬ 

jeeling to visit the Happy Valley 

landslip and surrounding areas 

for the purpose of making a geolo¬ 

gical map and to report on the 
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WAR SERVICES. 

6. Mr. C. S. Fox, while absent on privilege leave, was granted a 

commission in the Royal Engineers, and is at present in training 

at Aldershot. 

Mr. R. W. Palmer, who had remained on the Special Reserve of 

officers, was recalled to his regiment on the outbreak of war, and, on 

joining the East Lancashire Regiment, was sent to the front in Sep¬ 

tember. He has already earned great distinction, and has not only 

been mentioned in despatches but has been awarded the Military 

cross. 
PUBLICATIONS. 

7. The publicatioiiK issued during the year under review comprise 

one volume of Records^ four of Memoirs and one memoir of 

Palwontologia Indica. 

LIBRARY. 

8. The additions to the library during the year 1914 amounted to 

2,954 volumes, of which 1,101 were acquired by purchase and 1,793 

by presentation and exchange. 

DRAWING OFFICE. 

9. Since the rearrangement of the offices in 1912, it has been 

Increased facilities. possible to bring all the departments of 
the Drawing office together on one floor. A 

larger, fully equipped dark-room has been built, and electric arc lamps 

of high power installed to enable photographic work to be carried on 

independently of weather conditions. 

10. This better organisation has enabled us to continue on the lines 

started in 1908, when we began reproducing 

our own plates by halftone process, and to 

experiment recently with the production of our 

geolc^cal maps in printed colours, instead of continuing the lengthy 

and costly process of hand colouring. A first experiment in colour 

printing has proved entirely successful, as is shown by Plate 10, 

published in the last volume of these Records. 

11. This work has been done without the aid of any new appliances 

and it is hoped that, with a larger printing machine, colour printing 

can be undertaken on the ordinary 1 inch and J inch=l mile sheets 
of the Survey of India. 

Halftone and Colour 
Printing. 



Part 2.] General Report for 1914, 93 

MUSEUM AND LABORATORY. 

12. Mr. J. Coggin Brown was Curator of the Museum and Labora- 

tory until the end of October, when he left for 

^ ’ Burma, Mr. H. Cecil Jones taking over the 

duties of Curator. Mr. Ajit Kumar Banerji was Assistant Curator 

throughout the year. Babu Durga Sankar Bhattacharji continued 

to work as Museum Assistant, Mineralogical Section, till he was 

attached to the Central Provinces party for collecting early in 

November. M, K. Ry. S. Subba Iyer continued to work as Museum 

Assistant, PalsGontological Section, and accompanied Mr. Bion during 

the summer months to Kashmir for collecting purposes. 

13. The number of specimens referred to the Curator for examination 

Determinative 
Chemical work. 

and report was 417 ; of these assays and ana- 

lyses were made of 40. The above includes the 

determinations of 76 rock specimens for the 

Forest Department, Bombay, and the petrological examination of 

rocks from the Aka and Mikir Hills, Assam. The chemical work 

included the proximate analyses of 22 samples of coal from the 

Pakokku District, Burma. 

14. Only one, but a rather large, meteoric fall was recorded during 

the year. It fell on the 6th April 1914, near 
Meteorite.'. village of Kuttippurarn in Ponnani Taluk, 

Malabar District, Madras. Altogether 11 fragments, aggregating 

37,837 grammes in weight were recovered through the Collector of 

Malabar; three pieces, forming one individual weigh 32,599 grammes. 

There were also two other additions to the meteorite collection. 

The first of these is a piece of the Shopian (Shupiyan) meteorite, 

weighing 305*29 grammes, which fell in Kashmir in 1912. We are 

much indebted to His Highness the Maharaja of Kashmir for pre¬ 

senting this piece to us. The other, presented by the Mysore Geo¬ 

logical Department is a piece weighing 1,109*7 grammes of the Kam- 

sagar meteorite which fell in Mysore in 1902. A description of these 

meteorites by Mr. J. Coggin Brown will be published in the Records, 

During the year pieces of the Karkh, Chainpur, Khohar and Kuttip- 

puram meteorites were presented to the British Museum; also frag¬ 

ments of Manbhoom and Lodhran meteorites were sent for exchange 

to Professor G. P. Merrill of the United States National Museum, 

Washington, who had asked for them for purposes of study. The 

material in exchange has not yet been received. 
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16. Mr. J. C'Og^in Brown found time among his other duties to 

compile a new descriptive list of the collection of 

New Catalogue of meteorites in the care of the Geological Survey, 
Meteorites. August 1st, 1914. This much needed 

catalogue will be published in the Records, and will also appear 

printed separately for the convenience of arranging exchanges and 

purchases. If we consider that this collection, as mentioned by 

Mr. Brown, “ is the largest in Asia, and by reason of the number, 

variety, beauty and rarity of its specimens, one of the most import¬ 

ant in the world,” we shall a})prcciate this effort to organise our 

knowledge of it, which had not been brought up to date since the 

issue of Mr. T. R. Blyth’s appendix to Mr. F. Fedden’s catalogue of 

August 1901. 

IG. The new features of the present catalogue arc the alphabetical 

arrangement of the material for ready reference, and the adoption 

of the taxonomic classification of Rose-Tschermak-Brezina, subject 

to minor modifications by other authorities ; a classification which, 

as stated by the author, though weak in certain features, is yet 

the best one available, and the one followed in nearly all the great 

collections of Europe and America. In that classification meteo¬ 

rites are first divided into achondrites, chondrites and siderites. 

The achondrites are sub-divided into a number of groups 

characterised by more or less definite mineralogical composition. 

In the case of the chondrites the subdivisions are based mainly on 

physical appearance and structure after the separation of the en- 

statite-anorthite chondrites and the siderolitcs. The siderites, after 

the separation of the lithosiderites are grouped into octahedrites, 

hexahedrites and ataxites, each of which is still further sub-divided. 

In addition to the work being an elaborate compilation, the verifica¬ 

tion of much of the material has entailed considerable petrographical 

research, which has had to be pursued with scrupulous economy in the 

case of rare falls. 

17. In order that this fine collection may continue to grow and 

worthily represent all Indian meteorite falls, attention may be 

drawn to the fact that by a Government Resolution, recently re¬ 

affirmed, all falls in British India become the property of Government, 

and should be at once reported to the local authorities and the 

specimens sent to the Geological Survey Museum. 

18. The Geological Survey, by means of portions sent in exchange 

to all the great collections, and by means of its own display in the 
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Calcutta Musuem, enables these objects of world-wide interest to 

be adequately distributed and placed on view for the benefit of 

everyone. 

19. As in past years requests were received 
Donations to Muse- foi- specimens of mineral and rocks and dupli- 

ums, Educational In- ^ • i . i . 
stitutions, etc. material was presented to the lollowing 

institutions :— 

(1) Cochin Museum. 

(2) Prince of Wales College, Jammu. 

(3) St. Mary’s Conveiit High School, Naini Tal. 

(4) D. J. H. E. S(;liool, Sherpur, Bogra. 

(5) St. Joseph’s High School, Calcutta. 

A typical series of charnockite rocks and of Deccan Trap were 

presented to Dr. H. S. Washington of the C^arnegie Institution, 

Washington. The other donations include uncut agates, etc., from the 

Deccan Trap, sent to Dr. T. L. Walker, Royal Ontario Museum of 

Mineralogy, Toronto, Canada, and a specimen of sapphirine-bearing 

rock presented to Professor A. Lacrf>ix of Paris. A set of specimens 

illustrating the kodurite and gondite series together with specimens 

of Indian manganese minerals was sent to the Mysore Geological 

Department in exchange for the piece of the Kamsagar meteorite 

presented to the Geological Survey. 

Exclianses of Indian followin{> are among the specimens 
minerals and rocks. acquired by exchange : — 

(1) Fossils and rocks typical of New Soutli Wales with a small 

type collection of Antarctic rocks, from Professor J. W. 

Edgeworth David, University of Sydney, New South 

Wales. 

(2) 19 specimens of laterites from Professor A. Lacroix, illus¬ 

trating his memoir on the laterites of Guinea. 

(3) 10 specimens of copper ore, copper-nickel ore, silver-copper 

ore and gold ore from various localities in the United 

States and Mexico, from the United States National 

Museum, Washington. 

(4) 25 New Zealand mineral specimens from the Auckland 

Grammar School, Auckland, New Zealand. 

(5) 15 specimens of minerals and alkaline rocks from Mount 

Royal, Montreal, from the Redpath Museum, McGill Uni¬ 

versity, Montreal, Canada. 
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New gpeclmens ac- 21. The following are among the specimens 
quired by donation. acquired by donation :— 

(1) SmaJl rings of gold from Dhalbhum, presented by Mr. Bil- 

linghurst. 

(2) Native bismuth from Tavoy, Burma, presented by Messrs. 

Schroder, Smidt & Co. 

Mineral Gallery. 

22. All the rock cases have now been provided with printed 

labels, leaving only a few cases with specimens illustrating physical 

geology, without such labels. It is hoped that 

by the end of next year all the cases will have 

printed labels to each specimen. A model of a rig in use in the 

Burmese oil-fields has been set up in the gallery; and a statue of 

Buddha made of marble from the Sagyin Hills, Mandalay District, 

has also been placed there. 

23. Babu Bankim Bchari Gupta, Field Collector, was employed 

during the season in collecting various igneous 
Dup Icate co ec ons. Giridih coal-field. These include 

eurites, granites, diorites, dolerites, mica-apatite-peridotites, norites, 

anorthosites. 

24. The re-arrangement of the Invertebrate Fossil gallery, which 

was begun a year ago, is now nearly completed. 

Fossil Invertebrate The final shape of the Permocarboniferous and 

Tertiary collections, however, awaits the com¬ 

pletion of the palaeontological examination to which the fossils 

belonging to these systems are being subjected. For the same 

reason the labelling of the Tertiary invertebrates remains inade¬ 

quate. 

INDIAN SCIENCE CONGRESS. 

25. Under the auspices, and with the co-operation, of the Asiatic 

Society of Bengal, the inaugural meeting of a Congress under the 

above title was held in Calcutta in January of the year under report 

with the object of bringing together those societies and individuals 

engaged in scientific research in India for mutual co-operation and 

exchange of ideas, somewhat on the model of the British Association 

for the Advancement of Science. The meeting was well supported 

by the Geological Survey, among other well-established scientific 

bodies. Dr. Hayden was chairman of the section devoted to geo¬ 

logy, and papers on geological and allied subjects were contributed 

by Messrs. Vredenburg and Coggin Brown. 
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POPULAR MUSEUM LECTURES. 

26. One of the series of popular lectures in the Indian Museum, 

started during the cold-weather of 1913-14, was delivered by Dr. 

G. E. Pilgrim, on the subject of the Extinct Mammals of Inia. 

GEOLOGICAL SOCIETY AWARD. 

27. At the Annual Meeting in February, the President and 

Council of the Geological Society of London were pleased to bestow 

the honour of the Lyell Medal on Mr. C. S. Middlemiss, in recog¬ 

nition of his work in advancing the knowledge of the geology of 

India during a period of service extending over 30 years. 

OBITUARY. 

28. I regret to record the death on April 26th, 1914, of the 

veteran geologist, Dr. Eduard Suess, late Pro- 
r. uar uess. fessor of Geology in the University of Vienna. 

To the younger generation of geologists he will be best known as the 

author of the monumental work, Bas Antlilz der Erde, the English 

translation of which, The Face of the Earth, edited by Professor Sollas, 

has rendered it available to all English-speaking students. To the 

older past and present members of the Indian Geological Survey 

Eduard Suess will be much better remembered as the constant friend 

and helper of the Department, for he had been closely connected 

with it for nearly 30 years at the time of his retirement from the 

Chair of Geology in Vienna in 1902. 

29. It is only necessary in this note to draw special attention to 

his labours on our behalf during that time. Privately since the early 

seventies, and officially since 1886, he had undertaken the care and 

description of the large Himalayan fossil collections made from time 

to time by this Department. The sorting, classification, the distri¬ 

bution of them to a devoted band of fellow-workers for description, 

the supervision of the plates, and the translation of the reports, were 

all undertaken by him as a labour of love through the above long 

period ; and for this on his retirement, he received the appreciative 

thanks of the Government of India. It is melancholy to reflect, that 

the recent outbreak of war, following a few months after his death, 

has now brought to an abrupt end this long co-operation of our De¬ 

partment with the University of Vienna the details of which were 

so efficiently organised by Dr. Suess during his life-time. 
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MINERALOGY AND PETROLOGY. 

30. Whilnt on study leave at Cambridge, Dr. Fermor made a crys¬ 
tallographic investigation of two minerals col- 

Hematlte from Kaj- lected some years ago at the Kajlidongri man- 
lidongrL ganese mine, Jhabna State, Central India. One 

of these was hematite in small crystals possessing the habit of co¬ 
rundum, the principal faces present being the basal plane (111) and 
the hexagonal pyramid of the second order (614). In addition to 
these the following forms were identified :—(513), (715), (29.1.27)*, 
(51.1.49)*; (101), (100), (221), and (28.28.13)*—of which the three 
marked with an asterisk are new forms. Doubtful readings were also 
obtained for some 9 other pyramids and 7 other rhombohedra, the 
majority of which would be new forjns. 

31. The other mineral investigated was hollandite, described, in 
1906, as a new species having a composition 

Hollandite from Kap corresponding to a salt of the acid H^MnOj.. 
lldongri. crystallographic study proves this mineral 

to belong to the pyramidal group of the tetragonal system, of which 
scheelite is the type. The crystals examined, which vary in length 
from J inch to IJ inches, are tetragonal prisms of the first order (110), 
with the corners modified by the secoTid order prism (KX)) and a 
series of hemihedrally developed ditetragonal prisms, of which the 
chief is (210). These prisms are terminated by a very flat pyramid 
taken as (111), modified in one case by the additional form (331). 
The accepted value of /)//' is 32^’ 9', which gives the length of the 
vertical axis as 0.2880. If it be considered desirable to orient the 
mineral to show its relationship with scheelite, then the form (111) 
becomes (105) ami the other faces suffer appropriate changes. 
The value of the vertical axis becomes 1.4400 compared with 1.5356 for 
scheelite, whilst the value of the angle pp" for hollandite, which is 
32® 9', is seen to approximate to the angle dd" of scheelite, which is 
34® 9', d being the form (105) in scheelite. The crystallographic 
relationship of these two minerals is significant in view of their 
chemical formula?, which may be wTitten as R^MnOj. and CaWO^ 
respectively. 

32. Whilst at Cambridge Dr. Fermor also made a detailed micro¬ 
scopic study of thin sections of the following Indian 

The origin of chon- meteorites :—Bori, Donga Kohrod, Sindhri, Karkh, 
drules In meteorites. i i .o., • nir' /r, .-v 

Bholghati, Chainpur, Mirzapur, Bilaspur (Baroti), 
and Kholiar, his object being to study the characters of chondrules. 
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in view of his hypothesis that they represent former j^arnets. The 

results of this work have not been entirely as expected and leave 

unsettled the question of whether the chondrules were once garnets 

or not. This is due to an uriexpected feature which seems to be 

common to all the meteorites examined and to have escaped previous 

notice in the literature of tlie subject. This feature is so unexpected 

and, if accepted as true, carries with it such obvious difficulties 

that it is only mentioned with diffidence. Dr. Fermor states 

that had these thin sections been put before him as slices 

representing terrestrial ore deposits he would have had no hesitation 

in affirming that both the minerals, nickel-iron and troilite, had 

been formed later than the other constituents of the rock and 

had in many cases reached their present position by a process of 

metasomatic replacement. Each of these minerals, whilst also oc¬ 

curring with the silicates in the general ground-mass of chondritic 

meteorites, is often particularly abundant towards the periphery of, 

but actually within, the chondrules. From a study of the structures 

of these meteorites it is concluded that many at least of these 

chondrules consolidated in their present position. There is no evi¬ 

dence to show whether the metallic minerals in the chondrules have 

been metasomatically introduced from without, or have been taken 

into solution from the material of the chondrules themselves and 

re-deposited in the peripheral portion. If the latter alternative could 

be upheld it would be possible to maintain the garnet hypothesis in 

an amended form, according to which, instead of supposing that the 

garnets suffered a dry fusion on release of pressure, water impri¬ 

soned in the rock gave the fusion an aqueo-igneous character, so that 

certain constituents of a chondrule were temporarily taken into solution 

in water possibly above its critical temperature. One of the meteo¬ 

rites examined, Khohar, contains a great number of chondrules 

exhibiting polygonal outlines strongly suggestive of a mineral with 

the symmetry of garnet; whilst in another meteorite, Karkh, one 

slide showed an obscure patch of a colourless, isotropic, highly re¬ 

fracting mineral, strongly suggestive of garnet itself. Some ten 

other slides of this fall were cut without the discovery of any further 

patches of this mineral, so that it has not proved possible to confirm 

the determination. The presence of unchanged garnet in a chondritic 

meteorite would place an obvious difficulty in the way of accepting the 

garnet hypothesis of the origin of the chondrules. One certain point 

appears to arise from this investigation, namely, that although stony 



100 Records of the Geological Survey of India, [VoL. XLV. 

meteorites are not known to carry water, yet at some time in their 

past history water played an important part; and that changes have 

taken place within the meteorite since the formation of the 

chondrules is proved not only by the relationship of the meteoritic 

minerals to the silicates, but also by the cases, noticed in the Khohar 

meteorite, for example, in which intergrowth has taken place across 

the boundary of two chondrules in contact. Of the meteorites 

examined, all were chondritic except Bholghati and Bilaspur, and 

of these Bholghati proved to be a rather rare type, namely, a carbon¬ 

aceous hypersthene-eucrite, analogous to the terrestrial norite ; whilst 

the Bilaspur slide differed from Dr. Prior’s description of the fall in 

being free from chondrules and not breccia-like. Of the chondritic 

meteorites Karkh contains abundance of an interstitial mineral that is 

possibly maskelynite, whilst Bori as well as the Bilaspur fall contain what 

is probably apatite, a mineral but rarely recorded from meteorites. 

33. The work now being carried out in the Central Provinces has 

raised once more the debatable question of the 

The origin origin of the crystalline limestones, calciphyres 

fi^stonesr calc-gneisses of India. Professor Judd in 1896 

advanced reasons for believing that the crystal¬ 

line limestones of Upper Burma were chemically formed from 

pre-existing pyroxenic gneisses.^ 

34. Dr. Ferraor, in 1903, when studying the manganese ore 

deposits of the Chhindwara district, Central Provinces, examined incid¬ 

entally some of the numerous occurrences of calcareous rocks found 

in this region, and, in a paper published in 19062, advanced the 

hypothesis that the crystalline limestones of this area have resulted 

from the chemical alteration of pre-existing rocks containing an 

abundance of lime and magnesium silicates, and similar to or identical 

with the calc-gneisses (quartz-pyroxene-gneisses) with which the lime¬ 

stones are associated ; the agent by which the alteration was effected 

being presumably CO^ in solution. These calc-gneisses are a curious 

banded series of granulitic rocks constituted of some or all of the 

following minerals—diopside, hornblende, quartz, labradorite, microcline, 

epidote, garnet, sphene, zircon, ilmenite, and magnetite, and in 

special cases scapolite. In spite of the abundant felspar the obviously 

unusual chemical composition makes it difficult to regard them as 

formed from an igneous magma. For this reason Dr. Fermor in 

* Phil. Trnna. Roy. Soc., London, Vol. 187 A. p. 20.'i. 
* Rec. (icdl. Surv. India XXXIII, pp. 168-171. 
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1909^ accepted these rocks as metamorphosed sediments, but still 

supposed that the crystalline limestones had been derived from the 

calc-gneisses, and suggested that the CO^ which caused the change 

was a portion of that liberated during the conversion of the original 

impure calcareous sediments into calc-gneisses. The formation of 

the crystalline limestone was then supposed to be due to reversal 

of the reaction on alleviation of the pressure conditions. In 1908 

Dr. A. W. 6. Bleeck^ in describing the occurrence of rubies in the 

Kachin hills. Upper Burma, showed that the accessory minerals in 

the crystalline limestones of that region were probably introduced 

as the result of the piezo-contaci metamorphism of Weinschenk 

caused by intrusive granite. In 1913 Dr. Fermor during his geo¬ 

logical survey of the Chhindwara district was able again to attack this 

problem in the field and mapped in the neighbourhood of Mohpani 

(21° 47' ; 78° 57') and Nautal (21° 47' ; 78° 54') a large number of 

irregular patches of marble enveloped in ortho-gneiss and torn to 

shreds by intrusive granites and pegmatites. Where the contact 

with the enclosing gneisses could be observed thin shells of diopsidic 

granulite were observed, and this, taken in conjunction with the 

presence of the fluorine-bearing minerals chondrodite and phlogo- 

pite, was regarded as evidence of limited contact metamorphic 

action produced by the enclosing ortho-gneiss. Later in the same 

year in a paper read before the 12th International Geological Congress 

at Toronto*^ llr. Fermor accepts as a more ])robable view that the calc- 

gneisses, calciphyres, and marbles, represent a banded series of cal¬ 

careous sediments of various degrees of purity; but at the same time 

in order to explain numerous cases of re])lace]nent of gneisses by 

calcite he repeats his hypothesis that the CO^ liberated during the 

formation of the calciphyres and gneisses may have re-attacked these 

rocks on release of pressure. In January 1913, W. L. Uglow, in 

‘‘ A review of the existing hypothesis on the origin of the secondary 

silicate zones at the contacts of intrusives with limestones initiated 

a valuable disciission of the merits of the rival hypotheses to explain 

the formation of the silicate minerals in such metamorphosed cal¬ 

careous rocks. According to one set of views the formation of these 

minerals is due to the re-crystallization of the impurities in the ori¬ 

ginal sediments with later introduction of metallic and pneumato- 

^ Mem. Cieol. t^urv. Indian XXXVII, }). 290. 
® Rec. Choi. Surv. Indian XXXVJ, pt. ,3. p. KiO. 
® R. de la XIT^S Sf'ssioii, (’anada, p. 273. 
* Economic Oeoloffy.f Vlll, p. 19-.50, 
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lytic constituents; according to the other, their presence in the 

metamorphosed rock is due to the direct contribution from the invading 

magma not only of the metallic constituents, but also of the material 

required for the formation of the silicates. 

35. Mr. Burton in his progress report for 1912-13 gives a full 

account of the metamorphic calcareous series as developed in the 

Seoni district. He regards the crystalline limestones as derived 

from sedimentary limestones of various degrees of purity, and 

accepts the formation of mica, pyroxene, amphiboles, and chondrodite, 

as due to the re-crystallisation of the original impurities in the 

limestone, with pneumatolytic addition of fluorine ; but the felspar 

in the quartz-pyroxene gneisses he regards as in part of pneuma¬ 

tolytic origin. He thus favours in the main the re-crystallisation 

hypothesis. During the past season’s work (1913-14) Mr. Burton 

had the opportunity of devoting further attention to these 

calcareous rocks as develoj)ed in the Balaghat district. This led 

to an interesting development of ideas, so that whilst Mr. Burton 

still supposes that the calc silicate minerals of the calc-gneisses 

(calc-granulit^s) were in part derived from original impurities in the 

calcareous sediments, he lays stress on the fact that the predominant 

felspar is microcline with varying amounts of orthoclase, plagioclase 

being present only in small amount or altogether absent. He 

deduces that this microcline was derived from the associated ortho¬ 

gneisses during folding, when the latter became re-fused and attained 

the condition of an igneous magma containing gases and pneumatolytic 

agents. The felspars both of the calc-gneiss and of the ortho-gneiss 

show quartz inclusions (quartz de corrosion), and this, Mr. Burton 

thinks, indicates that the calc-gneiss and the ortho-gneiss must have 

crystallised under the same conditions of pressure, indicating that 

the calc-gneisses are really mixed gneisses which have re-crystallised 

under plutonic conditions.^ 

36. In his account of the manganese-ore deposits of India^ Dr, 

The origin of the gives a list of the rocks intrusive into 
kodurlte series, VIzaga- the rocks of the gondite series. These intru- 

’***•*"• sive rocks are all varieties of granite, pegma- 

^During the present field season (1914-15) Dr. Fermor has accepted Mr. Bnrton’a 
idea that these rocks are mixed gneisses, and both he (in Chhindwara) and Mr. Burton 
<in Balaghat) have arrived at the oonclnsion that the hybridism has, at least in part, 
been effected by the liUpardii intrusion of the calcareous rocks by an acid magma. 
In Chhindwara however, labradorite is as abundant as microcline in the calc-gneisses, 

• Mem, Qtol, Surv, India, XXXVII, p. 336. 
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tite, or ielspar-rock, and many of them carry in addition one or 

more manganese-bearing minerals, amongst which may be enumer¬ 

ated spessartite-garnet, blanfordite, juddite, brown manganese- 

pyroxene, a yellow manganese-amphibole, braunite, and greenovite, 

the manganesian variety of sphene. Since these acid intrusive rocks 

carry manganese-bearing minerals only where they pierce manga¬ 

nese-ore or associated gonditic rocks, it cannot be doubted that the 

manganese has been taken into solution from the invaded rock and 

incorporated in the intrusive whilst it was still in the molten condi¬ 

tion. These manganesian acid rocks must, therefore, be regarded as 

hybrids. The highly manganesian composition of the kodurite series 

of Vizagapatam, described by Dr. Fermor as igneous intrusive 

masses, which, by differentiation have resolved themselves into 

whole series of rocks ranging from ultra-basic to ultra-acid, has always 

been a matter of surprise. For it has been difficult to understand 

how the ordinary processes of segregation within the Earth’s 

crust could have led to the development of a magma so high in 

manganese as the kodurite series, which stands alone as a unique 

series amongst the rocks of the world as at present known. We 

have indeed, the remarkable case in India of two series of rocks, each 

rich in manganese, each characterised by an abundance of manganese- 

garnets, and yet one of them, the gondite series, undoubtedly a 

metamorphosed sedimentary series, and the other, the kodurite 

series, an intrusive igneous series. The relationship of these two 

series one to the other is unfortunately not at present known owing 

to our ignorance of the geology of certain tracts of country inter¬ 

vening between the regions where the two series are respectively 

developed. Dr. Fermor now suggests that the kodurite series may 

perchance be an example of hybridism on a large scale, in which, 

instead of a small pegmatitic or granitic intrusive having taken up 

a small portion of an ore-body, as in the manganesian pegmatites 

intruded into the manganese deposits of the Central Provinces, 

a granitic intrusive of some magnitude has bodily assimilated 

entire manganese-ore deposits. It does not follow that the con¬ 

stituents of the dissolved manganese-ore bodies became uniformly 

distributed throughout the magma; each patch of koduritic rock 

as we now see it enshrouded in apatitic quartz-felspar-rock may 

represent the approximate locus of one fragment of the incorporated 

ore deposit, and the gradation from the ultra-basic garnet-rock in 

the centre, through basic kodurite, to acid kodurite at the periphery 

0 2 



104 Records of the Geological Survey of India. [VoL. XLV^ 

wotild then represent the results of the gradual diffusion of the dis- 

Bolved body of manganese-ore into the granitic magma. The apatite 

so characteristic of the kodurite series would probably have been 

supplied by the invading magma. This idea can of course, at present 

be regarded only as an interesting speculation needing for its con¬ 

firmation the discovery in the kodurite country of older sedimen¬ 

tary manganese-ore deposits or manganese-silicate-rocks. Such rocks 

have not yet been satisfactorily identified, but certain manganese- 

pyroxenites, which are closely associated with presumed meta¬ 

morphosed sediments (khondalites and calc-gneisses) at Taduru 

and Chintelavalsa,^ and which Dr. Fermor was not able satisfac¬ 

torily to connect with the kodurite series, may represent such sedi¬ 

mentary manganiferous layers modified perhaps by contact meta- 

morphism. 

37. Unfortunately very little analytical work has yet been carried 

out on the garnets of these two manganiferous series ; but such 

material as is available indicates that the garnets characterising the 

gondite series must be regarded as varieties of spessartite with a 

low percentage of lime ; whilst those characteristic of the kodurite 

series, for which the name spandite has been suggested, carry a 

relatively high percentage of lime. If there be any truth in the 

idea that the kodurite masses are to be regarded as a product of 

hybridism, then the high lime contents of the spandite will pro¬ 

bably be due not to the solvent magma having been rich in lime, 

but to calcareous rocks having been picked up along with the manga¬ 

nese-ore body. Such rocks are seen in actual contact with the manga- 

nese-pyroxenites of Taduru and Chintelavalsa, and xenoliths of 

crystalline limestones are actually enclosed by the koduritic masses 

of the Kodur mine, 

38. Associated with some of the gonditic ore bands of the Central 

Provinces we frequently find (especially where the country of the 

ore body is ortho-gneiss instead of the more customary mica-schist 

or quartzite) a small amount of spessartite-bearing gneiss or of 

orthoclase or apatite-gondite. Such rocks are probably to be regarded 

as hybrids between the manganiferous sediments and the enclo¬ 

sing ortho-gneiss, and it is to b^ noted that apatite-orthoclase- 

gondite is closely comparable with ^i«i.rtz-kodurite, each rock car¬ 

rying quartz, orthoclase, and apatite, but with different varieties of 

manganese-garnets. No analysis has yet been made of the manga- 

^ Otol. 8urv. Indiih XXXVII, pp. 21, 22, 
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nese-garnets in the pegmatitic intriisives into the goudite series, 

but in habit and colour they are indistinguishable from the manga¬ 

nese-garnets in the gonditic rocks and thus are probably spess- 

artite. In his progress report for 1913-14 Mr. Burton attaches the 

name quartz-kodurite-pegmatite to a rock from the Netra mine, 

Balaghat district, but this term will only be strictly applicable if 

the garnet be high in lime. 

39. If future investigation should support this idea that the kodu- 

rite rocks are really hybrids, it will introduce a pleasing homoge- 

nity into the whole question. It will also suggest the possibility 

of correlating a portion of the manganiferous rocks and associated 

sediments of the Central Provinces with the manganese-pyroxenites 

of Taduru and Chintelavalsa and their associated sediments, which 

are khoiidalites and calc-gneisses. Mr. Burton has already sug¬ 

gested the correlation of the calc-gneisses of the two regions on the 

basis of the associated sillimanitic rocks found both in Balaghat in 

the Central Provinces and in the Vizagapatam district. 

40. While on study leave in Europe this summer Ur. W. A. K. 

Christie, besides making a study of the assaying methods in use at 

the Royal Mint, London, was engaged chiefly in microchemical 

work during the summer session in the labo- 
crochemlstry. i*atory of Professor ¥. Emich at the Technische 

Hochschule of Graz, Austj’ia, and during the autumn in that of 

Professor N. Schoorl at the University of Utrecht, Holland. 

41. At Graz the quantitative methods worked out by F. Emich and 

J. Donau were studied in detail. The chief difficulties hitherto 

encountered in India in quantitative microchemical analysis have 

been the making and repair of the delicate apparatus required, 

more particularly in connection with the Nernst-Einich microbalances 

of quartz fibre and the Donau platinum filters. The technique of 

manufacture and manipulation having been acquired, attention was 

chiefly directed to such determinations as would be most useful 

from a mineralogical point of view, and latterly to new methods for 

the micro-analysis of silicates, a subject on which, up till then no work 

had been done. The results obtained were distinctly encouraging. 

42. In Utrecht a study was made of the microchemical reactions 

and separations already worked out with systematic complete¬ 

ness by Professor Schoorl, and advantage was taken of the latter’s 

wide experience in applying the methods to the analysis of com¬ 

plicated ores and rock-forming minerals. 
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4S. The application of microchemical methods and particularly of 
quantitative ones, has hitherto been greatly neglected in geological 
work not only in India and a knowledge of them cannot fail to be of 
setvice in many instances where only minute quantities of material 
are available for investigation. 

PAL/«0NT0L0QY. 

44. Dr. G. E. Pilgrim acted as Pala3ontologist throughout the 
year. He was engaged in the revision of the 

* Siwalik Vrimates^ including both the specimens 
on which the species Dryofithecus punjabicm 

Pilg., Sivapitheciis indicus, Pilg, and Semnopithecm asnoti PUg. were 
originally founded but with no more than a brief preliminary notice, 
as well as additional material obtained since 1910. 

46. The results of his examination are contained in a paper pub¬ 
lished in part 1 of the present volume of these Records. A maxilla 
and upper teeth of the species Dryopithecus punjabicus have been 
described, and two new species of Dryopithecus established. A new 
genus, Palaeosimia, which Dr. Pilgrim considers ancestral to the 
Orang, has been described and the species Semnopithecus asnoti has 
provisionally been assigned to the African genus Cercopithecus. 
Several additional lower teeth and portions of the mandible of 
Sivapithecm have been discovered, which, in the author’s opinion 
display a decidedly human affinity. These, occurring as they do in a 
Miocene species, point to their owner being an early member of the 
Rominidae. 

46. Dr. Pilgrim has also written papers, published in the last 
volume of these R^rds, descriptive of a new 
genus of bear, Indarctos from the Middle Siwaliks, 
and of a new creodont genus, Dissopsalis, from 

the Lower Siwaliks. The latter represents a curious survival in 
India of a type, which had become extinct elsewhere, its nearest 
relatives being found in Eocene genera of Europe and North America. 

47. The present part contains a paper by Dr. Pilgrim on two 
new genera of cats from the Lower and Middle 

PMtmmJichaerodu^ Siwaliks, Sivaelurus and Paraimchaerodus. These 
are allied to species from Pikermi and Maragha 

and seem to aSord evidence of a special line of development not 
hitherto rechgnized. 
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48. Mr. G. de P. Cotter towards the end of the year announced 

the discovery in Burma of mammalian remains 

^®^**** Mtm- in beds which he believes to correspond to the 
0 urmt. Pondaimg Sandstone and to be of Upper 

Eocene age. If this proves correct these are the earliest reported 

land mammalia in Asia. 

49. Mr. Hallowes was deputed during last July to examine a 

bone deposit which was reported to occur in 

neighbourhood of Kalka. Mr. Hallowes 
e near a. located it near Baddi, some 15 miles north¬ 

west of Kalka. The locality is known to Dr. Pilgrim, who assigns 

the beds to the Pinjor zone of the Upper Siwaliks. Mr. Hallowes 

brought back a collection of mammalian remains, of which the most 

interesting are some teeth and vertebra) of Sivatherium and a tooth 

of Equus, The latter genus has not previously been recorded from 

this horizon, and Dr. Pilgrim suggests that its occurrence here may 

make it necessary to shift these beds to a somewhat later position 

in the geological scale than had hitherto been suspected. 

50. Mr. E. W. Vredenburg is still engaged on his description of 

the Oligocene and Miocene mollusca of North- 

Tertiary Moliusca of West India, which, however, is now approach- 
Norfh-West India. , ,. 

mg completion. 

51. Amongst the fossils of the Spiti Shales, which were in the late 

Palffiontological work Professor Uhlig’s hands, were a few ammonites 
In Europe ; Spiti Shales left undcscribed by that author as well as the 

*®*®**‘^’ whole of the Brachiopoda. A memoir on these 

has now been published by Miss Paula Steiger of Vienna as fascicle 

5 of the Fauna of the Spiti Shales, Pal, IndicOy series XV, Vol. IV. 

With the collection of the Geological Survey of India she has 

included in her examination certain specimens collected by the 

Brothers Schlagintweit and now in the Palesontological Museum of 

Munich. The ammonites belong to the genus Perisphtnetes, Amongst 

them are 11 new species, of which 6 are referred to the subgenus 

Aulacosphindes and 2 to the subgenus Virgatosphinctes. Some of 

these are, however, rather fragmentary. The Brachiopoda are poorly 

preserved, and Miss Steiger has referred them to the groups of 

Rhynchofiella lacunosa Quenst., RhyncJwnella trikibata Zeiten. and 

RhynchoneUa Asteriana D'Orb., merely suggesting their respective 

aflSaities, but without venturing actually to identify them with pre- 
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viously known species. The results of her examination are in entire 
agreement with those obtained by Uhlig. 

52. Mr. F. R. Cowper Reed has completed a supplementary memoir 

Ordoviciftii and SHu* Ordovician and Silurian fossils col- 
rian o! Northern Shan lected in the Northern Shan States by Messrs. T. 

D. LaTouche, J. Coggin Brown and others in 
the year 1904—07. This will be published very shortly. 

63. The species described not only augment the lists published in 
the author’s previous memoir of 1906 to the extent of rather more 
than 100 species, including one new lamellibranch genus, Shanina, and 
39 species which are new to science, but also provide evidence of a 
more complete stratigraphical sequence than was at first recog¬ 
nised. A more satisfactory correlation has been rendered possible 
by the discovery of well-known Emopeaii zone graptolites, and of 
other fossils showing affinities to species of known geological horizons. 

54. As Mr. LaTouche had the advantage of Mr. Cowper Reed’s 
provisional determinations, the majority of the latter's stratigraphical 
results have been embodied in his memoir on the Geology of the 
Northern Shan States published in Metn, GeoL Sure, Ind,^ Vol. 
XXXIX, pt. 2 (1913). 

56. The faunal affinities of the Upper as well as of the Lower 
Naungkangyi beds are clearly shown to lie with the Ordovician of 
northern Europe and not with that of America. The whole facies of 
this fauna is different, both from that of the Central Himalaya, of 
Tonkin and of Sze-chuan in China, but shows certain resemblances to 
that collected by Mr. Coggin Brown in Western Yunnan. Mr. Cowper 
Reed refers the Naungkangyis, both in their upper as well as in their 
lower portions, to the lower Ordovician. The fossils of the Hwe 
Maung or Upper Naungkangyi beds of the eastern area indicate a 
slightly different age to those of the western area, but the palseon- 
tological evidence is insufficient to decide which of the two is the 
older. The Panghsa pye beds are shown to be of Lower Llandovery 
age,. and have equally a European stamp in which they agree with 
beds of a similar age from the Central Himalayas. 

66. Mr. Cowper Reed has also completed his description of the fos¬ 
sils collected by Mr. J. Coggin Brown from the 

Ordo^ian and Silu- Ordovician and Silurian beds of Western Yunnan, 
an 0 e* unnan. jj published within the next few months. 

The results of Mr. Cowper Reed’s provisional determinations have already 
been made known in these Records in a short paper by Mr. J. Coggin 
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Brown, Records Geol Surv, India, XLIII, p. 327. Some 70 species are 
described in addition to 25 species of graptolites identified by Miss Elies 
with previously known forms. Of these, 20 are new to science, including 
two new cystidean genera, Sinocystis and Ovocystis, The Ordovician 
fauna may be assigned to the lower portion of that system, though 
probably occurring at four or five slightly different horizons. Like 
that of the Northern Shan States, its affinities are with the North 
European rather than with the American type, and present an al¬ 
together different facies from the Ordovician fauna of Eastern Yiin- 
nan and Tonkin described by MM. Mansuy and Deprat. His failure 
for the most part to recognize any species, which are actually iden¬ 
tical with those of the Naungkangyi beds, inclines Mr. Cowper Keed 
to place them, however, on a slightly different horizon. The fauna 
which most resembles that of the Northern Shan States is that found 
at Shihtien, which recalls that of Sedaw. 

57. The Silurian is represented only by the giaptolites from 
Shihtien, which Miss Elies regards as of Llandovery age, though of 
two horizons not far apart from one another, of which the higher 
belongs to the base of the zone of Monograptus sedgewicki, 

68. A large memoir on the Namyau Brachiopoda of the Northern 
Shan States by Mr. S. S. Buckman is drawing 

Namyau Brachiopoda j^ear to completion. A preliminary notice of this 
of Northom Shan States. i • j: ^ i: m. i. 4. 

memoir and a brief summary oi its contents 
were published in part 1 of the present volume of these Records, 

its most striking feature seems to be a proposed new classification 
of the genera Rhynchcfiella and Terebratula, based on the internal 
characters as displayed by burning off the test. The original genus 
Rhynchonella is sub-divided into 44 genera, and Terebralula into 
32. The Burmese species of Rhynchonella are about 40 in number 
and have for the most part beeil referred to the new genus Burmi- 

rhynchia, while the Terebratulids amount to some 20 species belonging 
to the genus Hohothyris, Mr. Buckman considers that the beds are 
of Bathian age about the date of the great Oolite. 

59. Dr. A. Spitz’s description of the fossils from the Gieumal Sand¬ 
stone has been translated by Mr. Vredenburg 

Fauna of the Clioumal and published in VoL XLIV, part 3 of the 
sandstone, etc., of Spiti. Records, The specimens described were 

originally collected by Stoliezka, Griesbach, Krafft, and Hayden. 
They include principally bivalves (mostly Ca/rdium and Pseudevnono- 

tis), mostly peculiar to this formation, and a few incomplete ammo- 
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nites {Astieria, ParahoplUes, and Stoliczicaia). The fauna is too 
localised to allow a very definite determination of the age of the beds 
which may range from Upper Neocomian to Gault. 

60. Dr. Spitz has also described and figured the foraminifera from 
the overlying Chikldm Limestone of Spiti, including Nodosaria, Cris- 

tellaria, and Textnlaria^ none of which, however, are of definite 
stratigraphical value. 

61. The paper finally contains a description of some fossils from 
Griesbach’s so-called Chikkim Limestone of Hundes (Mem. XXIII, 
p. 80) including Cucullcea, Astafte^ and a belemnite related to B, 

Gerardi, which are evidently not of Upper Cretaceous age (the pro¬ 
bable age of the genuine Chikkim limestone), and may indicate the 
presence of an exotic block of Upper Jurassic or Lower Neocomian 
age. 

62. Messrs. Cossmann and Pissarro’s description of the lamelli- 

Upper Ratiikot lamel- branchs from the Upper Ranikot of Western 
libratichs of Western Sind, is being translated by Mr. E. W. Vreden- 

burg. When ready, it will be published in the 
Palwontologia Indica, and will complete the molluscan fauna of the 
Lower Eocene of Sind of which the Gastropoda were published in 
Vol. Ill, part 1 of the Palwontologia Indica (New Series). 

63. As might be expected from the generally wider geographical 
distribution of bivalve molluscs as compared with gastropods, the 
Ranikot lamellibranchs do not represent quite so isolated a fauna 
as the previously described gastropods. In addition to certain 
forms either previously described by d’Archiac and Haime, or newly 
established by Messrs. Cossmann and Pissarro, that are peculiar to 
Sind, several species previously known from the Eocene of Egypt or 
Europe have also been recognised, such as Ostrea muUicostata Desh., 
and 0. Pharaonum Oppenheim. 

64. A revision of Dr. P. M. Duncan’s types of the echinoids of 
Echinolds of the Bagh the Bagh beds by M. Fourtau has been received 

and at present is in process of translation 
from the original French by Mr. G. H. Tipper. 

66. A description of Dr. H, H. Hayden’s collection of Cretaceous 
and Eocene fossils from Central Tibet by M. 

of CwuiUTIM* Henri Douvill6 has also been received. As the 
translation of this, also by Mr. Tipper, is still in 

progress, the review of the contents is postponed till the next 
Oeaaral Report. 
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ECONOMIC ENQUIRIES. 

Bauxite. 

66. In 1913, at the conclusion of his work in Korea State, Dr. 
Fermor visited Amarkantak (3,500 feet), forming 

.. culmmating eastern peak of the main Satpura 
range, in order to ascertain whether this great 

height was due to a greater thickness of the Deccan Trap than usual 
or to the existence of a pre-Trap peak of crystalline rocks. On the 
way up the Ghat he found that the surface of the gneiss rose to a 
height increasing from 2,570 to 2,660 feet, the lower portion being 
overlapped by a hundred feet of Talchir-like rocks. Eesting on the 
Talchirs, “ Lameta ” limestone was found through an elevation of 
90 feet, this excessive thickness indicating perhaps a continued rise 
of the underlying gneissic surface. This limestone was succeeded 
by about 670 feet of Deccan Trap lavas, capped by laterite. This 
was seen through a difference of elevation of 140 feet; but as the 
laterite was obviously covering a rising surface of trap its actual 
thickness was much less than this figure, probably not more than 
65—70 feet. Amongst the detritus obscuring the exposures on the 
Ghat road was a great abundance of fallen laterite blocks, many of 
which consisted of bauxite, often pisolitic and apparently of the best 
quality. On the plateau of Amarkantak a considerable quantity 
of bauxite of variable quality was noticed, and even the numerous 
temples congregated round the source of the sacred Narbada river 
were mostly constructed of this material. There is a considerable 
area of ground covered by laterite in this neighbourhood, both in 
Rewah State and in the Mandla and Bilaspur districts. Central 
Provinces; and should a careful examination of these hills lead to 
the discovery of bauxite deposits of any size they might prove to be 
of ecomomic value; for although the locality is somewhat remote, 
yet a good site for water power is close at hand. 

67. In 1912 Sub-Assistant M. Vinayak Rao discovered bauxite of 
good quality, on the Amagarh scarp seven miles south-east of Seoni 
town in the Seoni district; this he further investigated the following 
year. No excavations have been made, but blocks of bauxite were 
toM)ed for about two miles and a representative block examined 
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in the Geological Survey laboratory gave the following results on 
analysis :~ 

8i02 1-30 

Ti02 . . . 1208 

AI2O3 . . . 54*78 

Fe203 ... . 317 

H2O . • . 28-25 

99-64 

68. In 1913 Mr. R. C. Burton, working to the south of Amagarh, dis¬ 
covered blocks of bauxite in ferruginous laterite at many localities, 

Senduria, Amutpani, Patrai, and west of Salai. Near Atarwani, 
still further to the south in the same district, Mr. Burton found a 
small hill containing a deposit of bauxite estimated to be twenty feet 
thick, and lying between beds of ferruginous laterite. Blocks of 
70—80 cubic feet in volume lie on the hill sides, but the area covered 
by the outcrop is small. The quality was apparently good. 

Coal. 

69. At the instance of the Government of Burma, Mr. J. Coggin 
Brown during December examined the coaly 

Sfaim^^tes material of Wetwin, 9 miles (as the crow flies) 
east of the Lashio branch of the Burma Rail¬ 

ways at Wetwin station, 

70. Mr. Brown was unable to determine whether the coal seams 
were comparable with those carbonaceous shales which are interbedded 
with the limestones belonging to the Plateau limestone (Devonian) 
of LaTouche (see Geology of the Northern Shan States, Mem. Geol, 

Surv. of India, Vol. XXXIX, pt. 2, p. 255) or to the Tertiary strata 
of the Shan States and Upper Burma, to which latter it has a 
remarkable resemblance. The high dip of the strata is, however, 
against the latter interpretation, if the Shan States only be consid¬ 
ered, although in Southern Yunnan, according to the Indo-China 
geologists, exactly similar deposits often exhibit a steep dip. 

71. Three outcrops are described, all lying, as Mr. Brown thinks, at 
about the same horizon. The coal is a dull black colour, resembling 
carbonaceous shale. On exposure to the air it quickly crumbles to 
powder. Three carefully sampled lots of the material have been 
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assayed in the laboratory of the Geological Survey with the following 
results:— 

Sample 
number. 

Moisture. 
Volatile 
Matter. 

Fixed 
Carbon. Ash. Colour 

of Ash. Rbmabks. 

1 17-44 .37-84 11-6 Brown. Does not cake. 

2 16-94 39-19 3443 9-44 Do. Do. 

1 
14-80 38-10 32-78 14-.32 Bull. Do. 

1 

In considering these analyses it is necessary to remember that they 
were all performed on exposed and weathered material, but, taken 
as a whole, they all show a high percentage of moisture and ash, 
and that preponderance of volatile matter over fixed carbon which 
is usually associated with the lignites or brown coals of Tertiary 
age. 

72. No estimates have been made of the total quantity of the coal 
available, as this could not have been done without extensive opera¬ 
tions and possibly borings. Apparently the coal has not been suc¬ 
cessful as a boiler fuel, and all the objections brought forward by 
LaTouche and Simpson to the Shan States coal {Rec. Geol. Surv, 

of India, Vol. XXXIII, pt. 2, pp. 117, 125) apply with equal force 
to this Wetwin material, and in addition there is the long lead to the 
railway over bad country. For these reasons, and because briquet¬ 
ting would be necessary, Mr. Brown thinks that the coal possesses 
very little economic interest at the present time. 

73. The speculative question of the existence of incropping coal 
measures in Western India beneath the cover- 

po^bo^ Deccan Trap (on the analogy of those 
beneath more recent formations in Kent and 

Northern France) dates back to enquiries put before this 
department in 1907. The matter came definitely to a head 
in June of the year under report by the forwarding to this 
department, by the Agent to the Great Indian Peninsula Railway, 
of certain correspondence with the Board, wherein Mr. F. L. G. Simp¬ 
son, Manager of the Mohpani Colliery, put forward the specific 
localities of Kalyan, Bhusaval and Khandwa, as those at which he 
considered the overlying Deccan Trap might be thinner than else¬ 
where, and so be suitable for experimental borings in the hope of 
te^chmg coal at no greater depth than 260 feet. 



114 Records of ih€ Geological Survey of India* [VoL* XLtV, 

74. The subject, in spite of its discouragingly problematical char- 
aoter, was referred to Mr. C. S. Fox, who was more familiar with the 
geological conditions of this area than any one else in India at the time. 
His investigation of the geological literature of the subject indicated :— 
(1) that the deposition of the Gondwana coal-bearing rocks began 
in a series of isolated depressions, roughly arranged in definite lines; 
(2) that a partly water-worn mountain chain stretched in an easterly 
direction across the Peninsula, corresponding with the present posi¬ 
tion of the Satpura range and its eastern extension ; and (3) that this 
mountain chain had been breached in at least three places from north 
to south. The Narbada-Son-Himalaya group of basins lay to the 
north of the old mountain chain, the basins of the Damodar, the 
Mahanadi and the Wardha-Godavari rivers crossed eastwards and 
south-eastwards through the breaks in the chain. The coal-fields 
were formed at the time when the basins had probably become 
connected by large sluggish rivers winding their way outwards, 
west, east and south-east, from the high ground of the uplands over 
modern Mandla. Not till very latest Gondwana times, however, 
had the streams a continuous flow, connecting the central regions 
with the sea. The old basins were probably fault rifts, and at a later 
date when the volcanic eruptions of the Deccan Trap arrived, fur¬ 
ther movements along the fault planes appear to have taken place, 
in some cases preserving whole coal-fields within the limits of their 
original deposition. 

75. The possibility of the existence of coal under the trap of the Bom¬ 
bay Presidency depends upon the existence of another line of Gond¬ 
wana basins under the traps. This seems a possibility in view of 
H. B. Medlicott’s opinion that the Satpura basins almost certainly 
had an outlet to the west. 

76. After considering the altitude and situation of various localities 
proposed for borings, Mr. Fox’s conclusions, with which I am in 
agreement, are summarised in the final paragraph of the note put 
up by him, in which he writes:—“It will, I think, be a waste of 
time and money to sanction borings that are to be restricted to a 
depth of 250 feet. If the intention is to exploit the area in a purely 
experimental manner, then two borings of 1,000 feet each should 
be put down, one at Bhusawal or Dhulia and the other at Kalyan. 
In each case the whole operations must be treated in the spirit of 
sheer pioneer work. If a timid boring of 250 feet is all that can be 
considered^ I have little hesitation in saying that it is not likely to 
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get through the traps, and very little information for future guidance 
will have been obtained; whereas, a boring carried through the trap, 
even if it does not hit a coal seam at once, will give information that 
should definitely settle the prospects of finding coal under the trap 
of Western India.” 

77. It is to be hoped that this critical opinion of the proposals will 
not deter, but rather stimulate, the Board to sanction the deeper 
borings (proper care being taken of the cores brought up) for it cannot 
be denied that as regards Western India such trials will have to be 
made sooner or later in the interests of water, coal or both. 

Limestone. 

Upper Assam. 

78. The demand for limestone for certain parts of Upper Assam has 
long been a pressing one, owing to the scarcity 
there of such deposits. Numerous enquiries 

from time to time have been received by this department from the 
Assam Government, the Eailway authorities and private firms 
regarding suitable stone for agricultural and building purposes, and 
one more readily accessible than that of the celebrated, but distant, 
Sylhet quarries. 

79. The majority of these enquiries centred round the locality of the 
Mikir Hills, where Nummulitic limestone of the same formation as 
the Sylhet stone, has long been known. Finally this department was 
definitely asked by the Assam Government to depute an officer to 
make a detailed examination of the deposits of these hills, with the 
particular object of selecting a locality where a limestone industry 
would have the greatest prospects of success, and be favourably 
situated as regards the railway. At the end of October, I was able 
to depute Sub-Assistant M. Vi^ayak Rao for this purpose before 
taking up his regular cold weather work. Notwithstanding the 
adverse climatic and other conditions he succeeded in selecting three 
localities in the Disboi Jan, Meyongdisa and between Borojan and 
Deopani, where a suitable quality and amount of the limestone could 
be best obtained. 

Manganese. 

80. In the course of his work in western Balaghat, Central Provinces, 

Ctnit Pr vi Burton visited several manganese quarries 
® and collected notes about five deposits not 

described by Dr, Fermor in his memoir on the subject, namely, Gola 
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Hurki, Netra, Biahtekor, Biikoda, and Chibarghat nala, north-west 
of Budbuda, of which the last three had been abandoned owing 
to the poor quality of the ore. The ore bed at Grola Hurld and 
Netra is 15 ft. and 16 ft. thick respectively and carries a fair quan¬ 
tity of ore of ^ood quality. A pegmatite at Gola Hurld contains well 
developed crystals of braunite, up to 2 inches in diameter, and 

often twinned. 

Potassium Salts. 

81. In July Dr. W. A. K. Christie, in the company of the Chief In¬ 
spector of Mines in India and the Assistant Commissioner, Northern 
India Salt Revenue Department, Khewra, visited the Prussian 
potash mines at Stassfurt to study the mineralogy of the deposits and 
the methods of mining employed, with a view to utilising the know¬ 
ledge gained in connection with the possible development of the 
potash deposits at KheWra and Nurpur in the Punjab Salt Range, 
the investigation of which formed the subject of a report already 
published in the Records in the year under review. The Prussian 
deposits differ markedly from those found in India. They are, of 
course, incomparably greater in extent, but mineralogically there is 
also a wide difference ; although both were probably similar at the 
time of their deposition, the Punjab deposits have been affected to 
a much greater extent by thermal metamorphism, so that camallite, 
for instance, one of the chief products mined at Stassfurt, is unknown 
in India. 

82. Since the outbreak of war the subject has assumed an added 
importance, for the main sources of the world’s supply—^the deposits 
in Germany and Austria—have been out off. Although no real 
potash famine has supervened, chiefly owing to the reopening of 
many neglected sources in Europe and America, the possibility of the 
economical exploitation of the Indian deposits has been enhanced, 
and the subject is now engaging the attention of the Government 
of India. 

Road Metal. 

83. In July 1914 the Chairman of the Calcutta Corporation, after 
n some correspondence on the subject, asked for 

the services of an officer of this department to 
inspect certain localities within a reasonable distance of Calcutta, 
with a view to selecting quarries that would yield a suitable stone for 
foad metal for the Calcutta streets. The Corporation required 
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about 20 lakhs of cubic feet per annum of stone for at least 20 years 
for this purpose, or in other words 40,000,000 cubic feet altogether; 
and, for reasons connected with efficient breaking and screening, 
desired to acquire or lease a quarry in preference to the old method 
of giving out contracts from year to year for supplying the stone, 

84. Dr. Murray Stuart, who had recently returned from deputation 
to Madras, was opportunely available, and was instructed to comply 
with this demand. During the latter part of August he inspected 12 
localities from which offers of leases had been made, ard he eventually 
selected the hill of Deccan Trap called Malphari near Pakur in^the 
Sonthal Parganahs, as being the most suitable, because it would allow 
a quarry to be excavated with a face of rock at which to work. 
Mention was also made in his report of other less desirable localities, 
where it was probable that a large supply of boulders could be ob¬ 
tained, with the likelihood of solid rock being found a short distance 
below the surface, though there Was no proof of this and Water 
troubles would be sure to occur in the rainy season. 

Water. 
85. Early in the cold-weather season of 1912-13 enquiries were made 

„ ^ ^ . of this department by the Sanitary Engineer 
Berar, Central Provinces. , . i t> • n 3 

to the Central Provinces Government regard¬ 
ing the probabilities of obtaining a supply of water from tube Wells 
sunk in Berar and Nimar districts of the Central Provinces, where 
existing wells were shallow, and rock encountered comparatively 
near the surface. In particular, our opinion was asked if there was 
a reasonable chance^ of success if some trial borings were made with 
two or three hand-power diamond drills suitable for boring to a 
depth of about 250 feet. This began a correspondence which, early 
in the summer of 1914 resulted in my deputing Mr. C. S. Fox, who 
was geologically surveying the neighbouring districts of the Central 
Provinces, to visit the area at the close of his field season. Mr. Fox 
accordingly spent the latter part of April till the middle of May 
examining the water-supply conditions in what is known as the 
“ Saline Tract ’’ and neighbouring parts of Akola district, Berar. 
A very full examination was made, and a detailed reportfsent in 
early in August. Mr. Fox’s results and conclusions tended to 
shatter the hope that deeper wells in the alluvium Would be likely to 
yield sweet water, or that still deeper wells piercing down into the 
trap rock would, as a matter of course, yield water under artesian 

P 
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or Bemi-artesian conditioDS. The procedure which he suggested 
was to utilise and systematise the present fresh water supplies as far 
as possible, supplementing them if necessary, from other sources 
drawn from the better watered northern tracts, and distributing 
the whole throughout the saline tract by pump and pipe. 

86. During the year reviewed a fresh impetus has been given to the 
study of water questions in the Bombay Pre¬ 
sidency. This subject, which for many years 

in the past had been under consideration from time to time, came 
prcaninently forward in July 1912, when the Hubli municipality 
purchased a boring plant and proposed sinking to a depth of 1,000 
feet. Since then, in consequence of the activity of the Agricultural 
and Sanitary departments in the matter of well-boring operations 
for water in different parts of the Presidency, the Bombay Govern¬ 
ment in October of 1914 appointed a committee to examine the 
results already attained, with the object of laying down a policy to 
be pursued in the future ; and they asked this department for the 
services of Mr. A. M. Heron (who is deputed annually to the 
Engineering College, Poona, for lecturing or geology) to advise the 
Committee on any points on which they may require his assistance. 

87. As Mr. Heron was then in camp, carrying on his ordinary (!old- 
Weather geological duties in Rajputana, he was only able to do so by 
correspondence. Mr. Heron, after referring to the kno\vn capa¬ 
bilities of the alluvium and Tertiary beds of Sind and Gujrat, and 
also possibly the gently folded strata of the Kaladgi and Bhima beds 
for retaining artesian water, was unwilling to criticise the boring sites 
as recommended by the Committee without local knowledge and a 
careful personal exploration with the aid of large-scale geological 
maps. He also drew attention to the speculative nature of all deep 
borings in the Deccan Trap, either above or below the ghats, and as 
to the desirability of preserving the cores brought up for examina¬ 
tion by this Department. 

88. It may very well be that besides fissures in the Deccan Trap, 
water also finds its way along the separation planes of the 
different trap flows, owing to the presence of porous intertrappean 
beds. The partially confirmed success of the Hubli boring is also of 
considerable interest. Although the yield of water was not stated, 
the fact that in a 300 feet boring water rose to within a few feet of the 
surface and recovered rapidly at 20 feet below that surface, seems to 
show that it may be necessary to revise our notions as regards the 
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steeply folded Dharwar rocks being too compact and impervious for 

the free passage of Water and for artesian or semi-artesian condi¬ 

tions to exist. 

89. At the request of the Public Works Department of Bihar and 
Ranchi Orissa, Mr. 0. S. Fox in May proceeded also 

to Ranchi to report on the water-supply of the 
new Central Lunatic Asylum at Kanke, 4 miles north of Ranchi. 
For this investigation he was well-qualified by his previous experience 
of water questions in that locality during the preceding year, when 
in a very full report he had made various suggestions for deepening 
wells, increasing their yield by tunnels and a filter-crib in the bed 
of the Doranda stream, and for a small storage supply, in order to 
meet the increased demand of a growing town. 

90. In the present enquiry 50,000 gallons daily were required to be 
assured. His suggestions for a reservoir, tube-wells and filter-cribs 
in the stream beds, were considered by him sufficient for the purpose. 
But, whatever the source or sources finally adopted, Mr. Fox re¬ 
commended that the water should be supplied to the Asylum through 
small reservoirs to meet any sudden demand, such as from fire, and 
that aero-motors should be used to Work the pumps in the wells. 

91. It would seem from the above examples that the question of 
well water is one which is becoming a pressing one 

The general question. rather dry and well populated 

areas in India. In view of this, and of the undoubted fact that 
much obscurity still envelopes the problems of underground springs 
and water-saturated zones, it may be advisable in a future field 
programme (as suggested by my predecessor) to detail an officer 
to exhaustively examine the whole general question duriiig one or 
more field seasons. This would not only conduce to a more 
scientific and complete settlement of the immediate question, but, 
incidentally, by the examination of the cores brought up by 
drilling, would be fruitful in geological and other data. 

Engineering. 

92. Early in May Mr. R. C. Burton was deputed to Darjeeling to 
make a geological survey of the Happy Valley 

DarjecUng Landslips, area, in continuation of similar in¬ 

vestigations made in previous years by Dr. Hayden and Dr. Fermor. 
Furnished with a topographical map on the scale of 20 inches to the 
mile and showing 10 feet contours, which had meanwhile been com- 

d2 
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pleted down to the base of the slips, Mr. Burton was able to bring 
the geological examination of this area to an entirely satisfactory 
conclusion. He submitted a copy of the map with details inserted 
on it showing the structural condition of the rock, whether shat¬ 
tered or firm, the dip of the bedding and foliation planes, and the 
direction and localities of the folds and faults, cracks and fissures, 
traversing it, A descriptive account, supplementary to those of 
Dr. Hayden and Dr. Ferrnor, and embodying suggestions for pro¬ 
tective measures, accompanied the map and was well illustrated by 
sections and photographs. 

93. Whether or not the particular protective suggestions made by 
the Geological Survey, and which were afterwards discussed at a 
meeting of the Darjeeling Safety Committee, be finally accepted 
by the Government of Bengal, there can be no doubt that the 
completion of this structure map marks a step forward in the inves¬ 
tigation of the Happy Valley slips. 

GEOLOGICAL SURVEYS. 

Bombay, Central India and Rajputana. 

94. Mr. Middlemiss remained in charge of the party at work in 

Messrs. C. S. Middle- 
miss, H. C. Jones, A. M. 
Heron and N. D. Daru. 

these areas, but did not himself take the field. 
The remaining members of the party, as noted 
in the margin, are the same as those of last 

year. 

95. Mr. H. C. Jones continued the survey of the Nimbahera 

Mr. H. C. Jones, District of Tonk State, which he began in the 
Ninbahera District, present writer’s company towards the end of the 
Tonk State. previous season. The area worked lies between 

lat. 24° 25' and 24° 45' and long. 74° 18' and 74° 51' and is included 
in the 1" to 1 mile Standard Sheets, Nos. 172, 173, 205 and 206 of the 
C^tral India and Rajputana Topographical Survey. 

96. As noted in the last General Report this area is broken up by 
large patches of territory belonging to Udaipur State in which work 
cannot be carried on at present and large tracts of the area are covered 
with alluvium. These combined with the disturbance caused by 
the intrusion of granite and basic dykes, makes the interpretation 
of the geology of the older rocks difficult. The area gone over 
rapidly by Mr. Jones and myself last season, together with the 
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surrounding area was mapped by Mr. Jones in detail, and the general 
results once more confirm those made last season, that there is a con¬ 
tinuous sequence of Vindhyan rocks stretching conformably down¬ 
wards from the Kaimur sandstone, through the Suket shale, slabby 
limestone, purple shales and grits with the boulder bed near Binota 
at the base. 

97. The geology to the south and west of the area is much 
more complicated, but there seems to be no doubt that HackePs views 
of two older series is correct.—(1) the massive quartzites mapped 
by him as Delhis and (2) the schists, phyllites, shales, siliceous 
limestones and thin bands of quartzite, which he has mapped as 
Aravallis. 

98. These massive quartzites, which occur as long ridges striking 
and often dipping in a similar manner to the Aravalli rocks, in 
places appear, owing to folding, to be interbedded with them, but in 
several places where the rocks have been cut across by streams, 
undoubted unconformities are seen. These quartzites are more of 
the nature of a hard sandstone than a quartzite and the oldest beds 
are usually conglomeratic in character. 

99. Near the centre of the area the Aravalli rocks are intruded 
by a mass of granite and also by basic dykes, and in the extreme 
south-west of the area by granite veins. West of the granite, which 
runs in a roughly north and south direction through Find, these 
Aravalli rocks are fairly well defined. They strike in a north-north- 
west direction but near the granite they are penetrated and disturbed 
by it, and arc therefore somewhat confused. Working from it in a 
westerly direction there is a fairly well marked sequence from red- 
purple shale passing up into dark grey shales and phyllites, above 
which come chloritic schists. Then comes a band of gneiss, which is 
followed to the west by typicaP Aravalli schists,—at first dark mica 
schists, with occasional tliin bands of hornblende, quartz and 
chlorite schists. Towards the west, the mica schist becomes full of 
small garnets, and still further to the west it contains excellent 
crystals of staurolite and chiastolite with some kyanite. Both the 
schists and the gneiss contain granite and quartz veins. Between 
the shales and the phyllites noted above there is sometimes a band of 
fawn-coloured siliceous limestone. This varies considerably both 
in character and thickness and in parts seems to be entirely absent. 
It is largely covered and is much disturbed and cut up by the 

granite. 
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{100. The gneiss, which appears to be a paragneiss, is very much 
crushed and altered. It is penetrated by numerous granite veins, 
which have also suffered from crushing, and which are probably of 
the same age as the granite near Pind. 

101. The relationship of the rocks which outcrop between the 
granite and the Vindhyan boundary to the east is still doubtful and 
will probably remain so until the adjoining area of Udaipur State 
can be taken in hand. 

102. The granite seldom makes any surface feature and is almost 
always covered with soil and alluvium. It is occasionally seen in 
river beds, and at the foot of the quartzite hills, where it has been 
protected by the harder rock. It is sometimes seen as small veins 
and veinlets running in all directions through the Aravalli rocks, 
but, with the exception of being broken up, no metamorphic action 
seems to have taken place. The rock is usually of a pink colour, 
containing very little ferro-magnesian minerals, and practically 
none of the accessory minerals commonly found in granites. A 
peculiar pinite granite occurs in parts and is similar to a rock found 
by the writer in Idar State. 

103. Running roughly through the centre of the area in a north 
and south direction is a large basic dyke, which in parts seems to 
have spread out as a sill or flow. The rock is a coarse crystalline 
dolerite, but near the edges it becomes very flne grained and almost 
glassy in appearance. The dyke is of later age than the Aravallis 
and the granite, but its relation to the massive quartzites was not seen. 
Very little metamorphic action seems to have taken place between the 
dolerite and the Aravalli rocks, but near its junction with the lime¬ 
stone, south of Pind, it is associated with a vein of yellow green 
epidote, quartz and reddish idocrase. Where this large basic dyke 
is seen in contact with the granite a peculiar hybrid rock sometimes 
occuis,—there appears to have been a partial refusion of the granite, 
resulting in an intermixture of the granite and dolerite. The re¬ 
sulting rock, which has characters between the two, often shows 
remains of the ophitic structure of the dolerite, whilst there is also 
a micro-graphic intergrowth of the quartz and felspar. 

104. Copper pyrites in small quantity was noted at several places 
in the schists, and a little galena was found in a thin band of Aravalli 
chert near Chikara, but with the exception of the flaggy limestone 
noted last season nothing of special economic importan ce was 
found. 



i2S Part 2.] Greneral Report for 1914. 

105. Mr. Heron spent the early portion of last cold weather in 

Mr. A. M. Heron: examining sundry mineral occurrences which 
Jaipur, Karauli, Kotah have already been noticed in last year’s General 
and Tonk, Report. His survey proper in the States noted 
in the margin was included within the I'^-l mile Standard Sheets^ 
of the Central India and Rajputana Survey, Nos. 291 to 294, 318 to 
321 and 341 to 343. Of these Nos. 291, 292, 293, 318, 319 and 341 
have now been completely geologically surveyed. 

106. Mr. Heron found the rock series to be composed of (a) 
Aravallis and (6) dark foliated granite or gneiss of unknown age. The 
Aravallis (a) build isolated hills and consist of quartzite and mica 
schist, obscurely stratified, dipping irregularly and very highly 
altered. They contain numerous masses of intrusive granite iden¬ 
tical with that already mapped by Mr. Heron as intrusive in the 
Delhis in Alwar and north Jaipur. It is very distinctly foliated in a 
direction coincident with that of the folding. There are also more 
recent veins of coarse tourmaline pegmatite, cutting through the 
granite, and which is never foliated. The hill at Koharsina (lat. 260° 
54', long. 75° 4') exposes much schistose conglomerate unconfor- 
mably overlying the Aravallis and which Mr. Heron thinks may be 
of Delhi age, though he was unable to settle this. 

107. The dark foliated granite (6) found in the neighbourhood 
of Sakun (lat. 26° 42' long. 75° 8') is the same as that described by 
Mr. Heron in 1911-12, being very dark, micaceous, strongly foliated 
and visibly porphyritic or augen-bearing, the foliation planes being 
almost horizontal. It is traversed by pegmatite veins, quartz veins 
and by trap sills, the latter parallel with the foliation. A hint of its 
relative age is given by a small exposure just south of Asilpur Station 
(lat. 26° 54', long. 75° 28') where a very black micaceous augen 
gneiss, resembling the above, is intrusive in quartzite. The augen 
phenocrysts of pink felspar are so evenly arranged in straight lines 
with the foliation that the rock can be spilt into flags. Veins of 
normal pegmatite traverse it and also the quartzite. 

108. Mr. Heron has included the work outlined above in a paper, 
which has been submitted for the Records^ entitled The Geology 
of Dholpur, Karauli and Southern Jaipur.” 

109. Mr. Daru completed the survey of Sunth State, Rewa Kantha 

Mr. N D. Daru : -^g^^cy, part of which he had already surveyed 
Sunth, Baniwara and in 1912-13. Mr. Daru describes the whole 
Dungarpur. State as practically occupied by schist-like 
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phyllites underlying massive quartzite, which in turn is overlain by 

phyllites. These three are said to be conformable. The lower or 

schistose phyllites often contain large proportions of quartz and 

hornblende, and, while the upper phyllites also at times have simi- 

•lar bands, they are generally argillaceous and include a few bands of 

quartzite. They are disposed in highly dipping anticlinal ridges. 

In the north-cast parts of Sunth, and extending into Banswara State, 

there is a very soft, coarse sandstone, coarsely conglomeratic at the 

base, uncomformably overlying the phyllites, and having almost 

certainly the structure of a synclinal trough. Its age is uncertain, 

but as none of the pebbles appear to be derived from the neighbour¬ 

ing Bagh beds or Deccan Trap, but consist of quartzite and its 

associates, the soft coarse sandstone may be older than the latter. 

On the south-east and east boundary of the State the Bagh 

calcareous conglomerate, 20 to 50 feet thick, forms a horizontal ele¬ 

vated platform on which ap^)ear hillocks and ridges of Deccan Trap. 

No minerals of economic importance have been met with. 

110. Towards the end of the cold-weather season, in March and 

April of 1914, Mr. Daru revised certain portions of Banswara and 

Dungarpur States. The results he proposes to embody in a connected 

report on the whole, which he is now preparing. 

Burma. 
111. The Burma party consisted of Messrs. G. H. Tipper, G. de P. 

Cotter, H. S. Bion, and M. R. Ky. Sethu Rama Rau, Sub-Assistant. 

112. Mr. Tipper, who was placed in charge of the party, visited 

Yeiiangyaung, the Minbu-Ngape section, the Yaw river (in company 

with the Director and Mr. Cotter), Ngah- 

laingdwin, and the Sinbaungwe township. 

113. Mr. Cotter continued the systematic survey of the Pauk town- 

.. « ^ -V ^ ship and the Saw township, Pakokku district. 
Mr. G. de P. Cotter. t> x u i i. j ^ 

Part of the neld season was devoted to an 

investigation of certain coal seams discovered by him in this neigh¬ 

bourhood ; the results of this have been published in the Records, 

Vol. XLIV, part 3. At the end of the season he made a traverse in 

the Pakoklcu hill-tracts as far as Kanpetlet (sheets 84 K. 3, 4, 6, 7, 10 

Burma Survey). 

114. Mr. H. S. Bion worked in the Saw and Salin subdivisions 

of the Minbu and Pakokku districts (sheets 84 L 

1, 5, 6, K 4, 8, Burma Survey). 

Mr. G. H. Tipper, 

Mr. H. S. Bion. 
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116. The area investigated** by these two officers forms a long 

Area Investigated. undulating country comprising the foot^ 
hills of the Arrakan Yomah between latitudes 

20' 30"" and 21' 46" and running north and south parallel to, and east of, 
the main range. 

116. In this tract the structure is in general a normal sequence 

Structure. Tertiary beds dipping towards the east below 
the Irrawaddi sandstones and faulted against the 

older rocks of unknown age composing the main range of the 

Arrakan Yomah. This sequence is broken by asymmetric anticlines 

with their corresponding synclines near Ngahlaingdwin (94‘^22"40"; 

20° 41" 15") and at the Yaw river (94° 21" ; 21° 17'). The asymmetry 

is on the western flank and associated with it is reversed faulting. 

In the case of the Ngahlaingdwin anticline the reversed fault, 

after running north for some distance as a strike fault, curves 

round and probably dies out as a dip fault near Saw. 

117. The principal results of the joint work of Messrs. Cotter and 

Bion may be thus briefly indicated :— 

(1) The recognition that the Tertiary scries of strata underly- 

„ , . , , iug the Irrawaddi sandstones is more extensive 

than was formerly thought to be the case. At 

present no definite estimate can be given of the thick¬ 

ness, but it is probably approximately 24,000 feet. 

The series consists of alternations of sandstones, shales 

and clays, the basal member being composed of conglo¬ 

merates and ashy sandstones. It shows no uncon- 

formable break. The lithological resemblance between 

the different shale and clay bands is very striking. 

Local names have been adopted temporarily for many 

of the divisions and further work will show how far 

these are capable of wider adaptation. 

(2) Traced from south to north, there is a gradual change from 

marine to fluviatile and estuarine conditions. Clay 

bands which are prominent in the neighbourhood of 

Ngahlaingdwin have become sands in the region of the 

Yaw river and are indistinguishable from the overly¬ 

ing sandstones. As a consequence of this lithological 

change, the faunal and lithological subdivisions are not 

in agreement from south to north. It is quite clear 

that the gulf, in which it may be assumed this series 
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of beds was laid down, «ilted up at an earlier period 

in the north, the shallow water beds of the north thus 

being contemporaneous with deeper water deposits 

further to the south. 

(3) The ** Red Bed,’’ usually taken as the boundary between 

the Irrawaddi sandstone and the underlying forma¬ 

tion, and which has proved of such value in unravel¬ 

ling the stratigraphy of the oilfields, is not of the same 

age throughout. The Red Bed ” no doubt represents 

an old land surface and as such indicates an interruption 

of sedimentation, but such conditions were established 

at an earlier date in the north than in the south. 

(4) It is not possible at present to say definitely the limits of 

age represented by this series of beds. Fossils occur 

at many horizons, but the collections have not yet 

been completely studied. A few fossils collected by 

Mr. Cotter on his traverse to Kanpetlet seem to indi¬ 

cate an upper Cretaceous age for the lowest beds. 

118. In the course of his survey, Mr. Cotter found a very good 

Irrawaddi sandstone. 
bone bed near the village of Chaingzauk (sheet 84 

K. 10). The remains, chiefly teeth, have been 

identified by Dr. 6. E. Pilgrim, and include :— 

Stegodon clifti (molars). 

Su8 giganteus. 

Hippopotamus sp. cf. irravaticus (molars). 

Rhinoceros sp. cf. sivalensis, 

Amphibos sp. 

A large antelope allied to Hippotragus. 

Teeth and horn cores representing a new genus of antelope 

allied to Boselaphus. 

119. The Irrawaddi river, the Salin chaung and the Yaw river have 

all in recent times changed their courses as 
Recent river c anges. indicated by the distribution of the older 

river gravels. In the case of the 8alin chaung the course has 

been greatly lengthened by the change. 

120. Sub-Assistant Sethu Rama Rau was engaged during the 

earlier part of the field season in mapping the 
Sub-Assistant Sethn Tertiary beds of the Sinbaungwe and Allanmyo 

Rama au. townships of the Thayetmyo district (sheet 

No. 158 Burma Survey). 
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121. The major part of this area is occupied by rocks of the 

Pegu Series. iSeries folded into three approximately 
parallel anticlines and synclines running in a 

N. W., S. E. direction. Local folding and crumpling accompanied 
by faulting are common. On lithological grounds Sub-Assistant Sethu 
Rama Rau thinks it is possible to make four sub-divisions in this 
area. It has not been possible to correlate these with any of the 
sub-divisions established in the north as, although the beds are fossili- 
ferous, the collections made were lost in a village fire. Except on 
the banks of the Irrawaddi and in some of the stream-beds, exposures 
are everywhere poor, the rocks being concealed under a thick alluvial 
covering. 

122. The Irrawaddi sandstones and the more recent formations 
present no features of interest. 

123. In the latter part of the season, Sub-Assistant Sethu Rama 
Rau was engaged in assisting Mr. Cotter in opening up coal-seams 
in the neighbourhood of the Yaw river, Pakokku district and in 
collecting fossils from the lower Tertiary beds of the same district. 

Central Provinces. 
124. The Central Provinces party during the year consisted as 

Dr. L. L. Fermor, 
H. Walker, C. S. 

Fox, R. C. Burton and 
M. Vinayak Rao. 

before of Dr. L. L. Fermor, Messrs. H. Walker, 
C. S. Fox, R. C. Burton, and Sub-Assistant 
M. Vinayak Rao, of whom Dr. Fermor and 
Mr. Walker were absent on leave in Europe 

during the field season of 1913-14, but returned to the party in 
November. Mr. K. A. K, Hallowes was then also attached to the 
party for the ensuing field season, being deputed to the Mandla dis¬ 
trict. 

125. During parts of November and December Dr. Fermor visited 
Messrs. Burton and Hallowes in the field, 

tlon^tour*^”*^*^ ^ Inspec- examining with Mr. Burton some of the in¬ 
teresting features in western Balaghat eluci¬ 

dated by the latter during the previous field season, particularly 
the relationships of Mr. Burton’s Sonawani series to the Chilpi Ghat 
series, and the sedimentary and crush-conglomerates bounding 
the south-eastern margin of the Chilpi outcrop in this region, as seen 
at Kaspur Tola and other localities. The undoubted autoclastic 
character of some of these conglomerates led Dr. Fermor to re¬ 
examine the rock underlying the Balaghat manganese-ore deposit^ 
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which he had previously described as a schistose conglomeratic 
grit, and to agree that it also must be regarded as an autoclastic 
rock. These crush conglomerates consist now almost entirely of 
sericite and quartz, but every stage of the transition from fels- 
pathic gneisses can be traced. 

126. In his visit to Mr. Hallowes in the Mandla district, a com¬ 
mencement was made in the detailed mapping of an area of Deccan 
Trap lava flows in the north-western portion of the Mandla district. 
Seven flows were identified, of which the middle five had an average 
thickness of 98 feet. A system of faulting with small throws up to 
about 30 feet was also detected ; and, in the Balein Nadi, a nearly 
circular patch of volcanic agglomerate, 25'xl7', strongly sugges¬ 
tive of a small volcanic plug, was detected in a water-worn ex¬ 
posure of the second flow from the base. 

127. The work in the Central Provinces is leading to the discovery 
of a surprising number of cases of faulting of post-Deccan Trap 
age. Early in 1913 Mr. Burton discovered a case, near Alesur in 
the Seoni district, of the preservation by block faulting, with a down¬ 
throw of 40—50 feet, of a strip of Deccan Trap resting on gneiss. 
In the same year Messrs. Ferinor and Fox, whilst revising their 
map of the Deccan Trap lava flows in the Linga area, detected 
a small fault with a throw of about 50 feet and foimd indications 
of other faults, whilst in the past field season Mr. Fox discovered 
numerous examples of faulting of post-Deccan Trap age, in 
Northern Chhindwara. Dr. Fermor now reports the discovery near 
Utekata in the Chhindwara district of a spindle-shaped strip of 
Deccan Trap, about two miles long and three-quarters of a mile 
wide in the middle, and resting on biotite-gneiss and calc-gneiss, 
that has been let down 250 feet by block-faulting. The faulted 
block is itself much faulted by a system of smaller faults with 
throws of 15—30 feet. The majority of faults referred to above 
have strikes lying between E. 30°N. and E. 30®S. This suggests the 
possibility that to a certain extent the present elevation of the 
Satpura range above the plains to the north and south may be 
due to a system of block-faulting of post-Deccan Trap age. Mr. 
Burton also deduces the existence of block-faulting of compara¬ 
tively recent age from a study of numerous small hanging valleys 
on the southern edge of the Satpuras in the Seoni district. 
A fine example of such a hanging valley is also afforded by the 
Nakta naJa in the Chhindwara district. From a study of the 
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base of the Deccan Trap on the two sides of the Kanhan valley 
from Eamakona southwards in the Sausar Tahsil, Chhindwara 
district, Dr. Fermor deduces thaii this valley must lie along a fault 
of approximate N. N. W. strike with a down-throw of about 250 
feet to the west. 

128. Mr. C. S. Fox continued his survey of the Chhindwara 
district, working as before in the Chhindwara 

' Chhind- Jagir Tahsils. In the previous year Mr. Fox 
had divided the Archaean crystallines into three 

main zones :—(1) a zone of acid ortho-gneisses lying to the south of the 
latitude of Lawaghogri; (2) a zone of gneisses and schists of obscure 
origin lying between the latitudes of Lawaghogri and Chhindwara; 
and (3) a belt of intrusive porphyritic and fine-grained granites run¬ 
ning through Chhindwara town. This season’s work has led to the 
discovery of a fourth large group of rocks, namely a considerable 
area of metamorphosed sediments of Dharwarian facies, composed of 
grits, quartzites, phyllites, and flags, and exposed around Bhatoria 
and along the southern edge of the Chhindwara coal fields. These 
sediments are intruded not only by the (Chhindwara granitic batho- 
lith, but their strike is also interrupted by two smaller batholiths 
of similar nature, named by Mr. Fox the Raini and Kunkal 
batholiths after peaks rising to 2,986 and 2,905 feet respectively, 
which are the highest summits yet detected amongst the Archaean 
exposures of this district. Mr. Fox’s mapping shows beautifully 
the way in which these granitic batholiths have modified the 
strikes of the ancient sediments. Since with increasing intensity 
of metamorphism the rocks of Dharwarian facies are seen to pass 
into the rocks of the second zone referred to above, these latter 
are now regarded by Mr. Fox as para-gneisses. Great masses of 
intrusive basic rocks have also been mapped. They are olde * 
than the granitic batholiths and intrusive with reference to all the 
other crystalline rocks. They are now mostly in the form of epi- 
diorites and amphibolites, and were introduced as dykes and 
sills of dolerite and gabbro, sometimes carrying olivine, remnants 
of the original pyroxenic rocks being sometimes found. Instead 
of the characteristic alteration into amphibole, the pyroxene has 
occasionally been changed to biotite, as near the village of 
Gorakpur (22°6'—78°37'). The amphibolites, where subjected to 
intenae shearing pressure, have sometimes become garnetiferous. 
Mr. Fox also. describes a case near the village of Mankughati 
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(22®?'—78°32') in which a band of amphibolite has been marginally 
converted into crystalline limestone. 

129. Mr. Fox also extended his survey through, the Jagir country 
along the Chhindwara-Narsinghpur road to the northern margin 
of the district, this route lying for the most part on Deccan Trap ; 
but in the northern corner of the district the Shakar and Hard 
rivers have cut through the Trap and exposed the underlying Gond- 
wana beds of Jabalpur age. These Gondwanas are pierced by 
dykes of olivine-dolerite, and a great intrusive sheet of the same rock, 
which shows the effects of repeated post-Trappean step-faulting. 
In the high tracts of Deccan Trap lying between these Gondwana 
outcrops and the latitude of Amarwara to the south, Mr. Fox 
estimates the existence of 1,200-1,500 feet of lava, with the complete 
absence of fossiliferous Intertrappeans. South of the latitude of 
Amarwara and Singori the Deccan Trap never exceeds about 500 
feet in thickness, and is built up of seven to eight flows with one 
to three fossiliferous Intertrappean horizons. Mr. Fox suggests that 
the upper part of the Jagir traps corresponds with the middle traps 
of the classification given on page 262 of the Manual of Geology 
of India (2nd Edition), and that there was either an overlap of the 
flows from south to north, or that the granite ridge formed by the 
three batholiths already mentioned sharply separates the two 
areas. The belt of Gondwana rocks underlying the Jagir traps, 
and which are exposed as the Chhindwara coal fields along the 
southern edge of these traps, has, according to Mr. Fox, been pre¬ 
served by trough faulting ; and in considering the possible extension 
of the Gondwanas to the east Mr. Fox thinks that there is little doubt 
that the upper Gondwanas are continuous under the trap eastward 
to Jabalpur. The question of the extension of the Gondwana rocks 
under the Deccan Trap of Western India is considered on page 114. 

180. During the season 1913-14 Mr. R. C. Burton completed 
the survey of those portions of the Seoni district allotted to him, 
thus, with Sub-Assistant Vinayak Rao, completing the survey of this 
district. As in the previous season, the chief formations examined 
were laterite, Deccan Trap, and Archaean gneisses and metamor¬ 
phosed sediments, the results being a continuation of those of the 

previous season. In the northern parts of 
SeoS* district Mr. Burton records eight Inter¬ 

trappean horizons, which, if really distinct, in¬ 
dicate the presence of nine flows of trap, with a total thickness of 
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775 feet, and an average thickness for the lower eight flows of 92 feet; 
but in view of the existence of block faulting in the Satpuras, the 
above figures may require some modification. Mr. Burton des¬ 
cribes some interesting cases of amphibolites passing into hornblende- 
gneiss, apparently by absorption of quartz from the associated 
older granite. 

131. From the classificatory point of view the geological survey 
of the Balaghat district will probably prove to be of critical 
importance in the establishment of the true sequence of Archaean 
formations of the Central Provinces. West of the Waingauga are 
the alluvial plains of the Kataiigi-Waraseoni area of western Balaghat, 
fringed on the north by the foot-hills of the main Satpura range; 
whilst to the east of this river lies a hilly plateau tract, forming a 
southward projecting spur of the main Satpura range and known 
as the Maikal range. This spur has an average elevation of about 
2,000 feet and forms the natural continuation on the strike of the 
highly metamorphosed Archaean gneisses ajid sediments constitu¬ 
ting the 1,000 feet Nagpur-Balaghat plain; and as it contains the 
same formations in a less metamorphosed form it will probably 
afford better material for the deciphering of the strati graphical 
succession. During this season Mr. Burton surveyed a consider¬ 
able portion of the Katangi-Waraseoni plain and the hills to the 
north, but at the end of this season he crossed the Baihir plateau 
forming part of the Maikal range and examined at Chilpi Ghat 
the type locality for the Chilpi Ghat series established by Dr. King 
in 1885. This section shows a great thickness of phyllites and slates 
with tufaceous quartzites, separated by coarse felspathic grits from 
a basement conglomerate 450 feet thick, which rests unconformably 
on a gneissic complex. There is also a great thickness of intrusive 
basic rocks. The conglomerate carries rolled pebbles of quartzite, 
gneiss, jasper, granite, and phyllite ; and indicates the previous exis¬ 
tence of a still older sedimentary series. The Chilpi Ghat series, as 
is known from the work of P. N. Bose, extends into Wcstein Bala¬ 
ghat, where Mr. Burton finds it to be composed of the same rocks 
as in the' type locality, including the tufaceous quartzites, but 
without the basic intrusive sills and with a relatively insignificant 
basal conglomerate. In the hills north of the Balaghat plain Mr, Burton 
finds an important development of ancient metamorphosed sedi¬ 
ments composed in descending order of (1) phyllitic schist and 
quartz-muBcovite-schist, (2) felspathic quartzite, (3) quartz-mus- 
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covite-schist, (4) calc-gneiss and crystalline limestone, the base of the 
series not being seen. Although the evidence is not yet clear, 
Mr. Burton thinks that this series of sediments must be situated 
unconformably below the base of the Chilpi conglomerate. He 
consequently proposes to call it the Sonawani series, after the village 
of Sonawani situated on one of the largest outcrops of these 
rocks. If this two-fold sub-division of the Archsean sedimentaries of 
Balaghat into the Chilpi Ghat series and the Sonawani series can 
be definitely sustained it will be a great step forward. At present, 
however, owing to the intense folding and thrusting which the 
rocks of Western Balaghat have undergone, the existence of this 
unconformity, although probable, has not been definitely proved. 
Dr. Fermor regards the Chilpi Ghat series as the local equivalent 
of portions of the Dharwar system of Southern India. Whether 
the Sonawani series is to be regarded as a lower sub-division of the 
Dharwar system or as a district geological system as widely separa¬ 
ted from the Chilpi Ghat series as the Grenville series is from the 
Temiskamings of Canada, will depend upon the value assigned to this 
unconformity. Another interesting point arises from this suggested 
separation of the Sonawani series. In his account of the man¬ 
ganese-ore deposits of the Central Provinces Dr. Fermor has dis¬ 
tinguished two modes of occurrence of manganese-ores and asso¬ 
ciated manganese-silicate-rocks. The chief mode is the gondite 
series of rocks situated near the base of the Chilpi Ghat series ; 
as an important but distinct mode of occurrence he records the 
existence, in association with crystalline limestones, of manganese- 
ore deposits with associated spessartite, rhodonite, and piedmon- 
tite-bearing rocks. Since Mr. Burton assigns to the calcareous 
rocks a position near the base of his Sonawani series, we apparently 
have the interesting case of two distinct series of Archsean sedi¬ 
ments, each distinguished by the deposition of manganiferous sedi¬ 
ments close to the base. In a table in his progress report, attempt¬ 
ing the correlation of the Archsean rocks of India, Mr. Burton 
suggests the equivalence of the calc-gneisses of Vizagapatam with 
those of the Central Provinces. This is in accord with the asso¬ 
ciation of manganese-pyroxenites with calc-gneisses at Taduru and 
Chintelavalsa already referred to (see page 104), and suggests 
that the material for the formation of the koduritic rocks, if they 
really be hybrids as suggested by Dr. Fermor, has been derived 
from manganiferous rocks of age corresponding to the lower man¬ 
ganese horizon of the Central Provinces, 
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132. Tbe ideas advanced by Mr. Burton concerning the origin of 
the calc-gneisses and the crystalline limestones of the Sonawani 
series are referred to on page 102. 

133. In addition to the sedimentary conglomerates Mr. Burton 
has discovered numerous cases of crush-conglomerate and related 
rocks developed in the Archaean formations of this area. The most 
peculiar of these takes the form of flattened ellipsoidal ard tab¬ 
loid-like bodies developed in biotite-gneisses and granite and evidently 
due to crushing. These bodies, which are autoclastic portions of 
the rock in which they lie, now consist almost entirely of quartz 
and sillimanite. The conversion of the potash-felspar of the original 
rock into quartz and sillimanite is supposed by Mr. Burton to have 
taken place in two stages during dynamic metamorpbism, mus¬ 
covite being first formed under more moderate pressures and be¬ 
coming converted into sillimanite as the metamorphism became 
more intense. The biotite apparently may have passed direct 
into sillimanite. The alteration processes involve the removal of 
potassium, magnesium, and iron in solution, probably as carbonates, 
as can be shown by chemical equations. 

134. The work in the Central Provinces is confirming the old 
idea that the Satpura range, as we now know it, is the denuded 
remnant of an ancient mountain chain and that its elevation is 
connected with the folding of the rocks constituting it. This idea is 
supported both by Mr. Fox and Dr. Fermor and the latter has 
maintained^ that the intrusion of tbe granites which formed such 
a large portion of the Satpuran core was intimately bound up with 
the tectonic movements to which tbe Satpuras owe their elevation, 
suggesting that the intrusion of the granite was the cause of the 
upheaval. Mr. Burton, from a study of the evidence in Balaghat 
and Seoni, indicates that the folding movements preceded and 
permitted the intrusion of the batholithic granitic rocks, and that 
the intrusion was succeeded by thrusting movements, of which there 
is abundant evidence in the form of the crush-conglomerates already 

referred to. 
136. Sub-Assistant M. Vinayak Rao continued his work in the 

Sub-Asiiitant M. district, mapping parts of sheets 70, 78, 
Vinayakjr Rao: Sconl 87, 88, 89, and at the close of tbe season 
and Mandla. commenced Work in sheets 109, 110 in tbe Mandla 

1 Mem, Qeol, 8urv* Jndiat XU, p. 165. 

R 
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district. The formations examined were Archsean gneiss, granite, 
Deccan Trap, Intertrappeans, laterite, and alluvium, by far the 
greater portion of the area being covered by Deccan Trap. A great 
thickness of trap was found towards the western border of the district, 
where there may be as much as 1,500 feet of lavas. Near Arjunjhir 
(22®18'—18°0') six Deccan Trap dykes from one to six feet thick were 
discovered, ramifying and joining together to form a multiple dyke. 
Six Intertrappean bands were detected, but they yielded no 
fossils. In the Mandla district in addition to Deccan Trap, the 
Narbada alluvium proved to be of considerable importance. It 
is in places as much as 150 feet thick and near Cheolia (22°50'—80'^2') 
yielded an implement fashioned from Deccan Trap flint. 

Kashmir. 

136. Mr. Bion followed up his work of last year in a north-west 
direction between the Sind river at Sonamarg 

* ‘ and the Wular lake at Bandipur, a region which 
includes the Haramuk massif and the extensive watershed of ridges 
separating the Jhelum and Kishenganga drainages (1 inch = 1 mile 
sheets 43 N-3, 43 J-15 and parts of 43 J-11 and J-16). 

137. During the survey of this rough mountainous tract he has 
filled in a good many gaps in the evidence (previously referred to in 
the General Report for 1912, Records, Geological Survey of India, 
Vol. XLIII, pt. 1, p. 38) tending to show that within the distance from 
the Lidar valley to the Wular lake the Punjab Trap has shifted its 
position from one confined to a pre-Permian horizon to one extending 
up to the base of the Upper Trias. The evidence may now be consi¬ 
dered to be conclusive on this point, as also regarding the manner 
of that transgression, which all the circumstances of the case favour 
being one ordinary volcanic effusion (with production of amygdal- 
oidal bands and also pumiceous and ashy beds) and as having taken 
place at progressive times in different localities, so that the whole 
set ‘of lavas, dovetailed with the respective sedimentaries, belong 
to one connected and continuous phase of vulcanicity. As interest¬ 
ing steps in the proofs supplied by Mr. Bion may be mentioned 
the finding of flows interbedded with the Permian of Nichinai and 
of a limestone mass containing typical Muschelkalk fossils, such 
as Buddhaites Rama, entirely surrounded vertically and laterally 
by bedded traps. The same chain of observations makes it pro¬ 
bable that the Imbersilwara limestone, about which doubts have 
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prevailed, is of Lower Triassic age, and is also an isolated lenticle 
limited in every direction by trap. 

138. Over most ot the area the Panjal Trap immediately 
overlies the Slate Series, the Muth Quartzite and Syringothyris 
Limestone having died out by rapid overlap of the Panjal Trap 
in the neighbourhood north-west of Gagangiyer, to which place they 
were originally traced by Mr. Middlemiss. 

139. The fossils of the Nagmarg horizon coming below the traps 
of that place, and originally mentioned (?oc. cit. p. 38), have 
been largely worked out by Mr. Bion and will be described in a 
separate paper. They are considered by him to be of Uralian age, 
and separated from the Zewan beds only by the Artinskian plant 
beds of the Guryul ravine, Nagmarg and the Golabgarh pass. The 
large number of Spirifers found at that horizon, such as /Sp. 
nov. sp., and varieties of the Australian Sp. Stokesii Koenig, which 
show closely related and ancestral characters to Zewan forms, is 
greatly in favour of this. 

140. In his detailed progress report Mr. Bion has also described 
the local modifications of the Permian and Trias horizons, and 
has added many notes on trap dykes, and on the granite of Wangat 
and Margund, the latter being considered to be of Devonian age. 
His observations on the glaciology of the area round Haramuk are 
of much interest; a great many large and fine moraines have been 
mapped, some descending to 6,500 feet altitude and perhaps even 
to 1,000 feet lower than this. Mr. Bion has been led to suspect the 
former existence of two glacial periods in Kashmir separated by 
a long interglacial one. 

141. Museum Assistant A. Subba Iyer was placed with Mr. Bion 
for collecting purposes and for instruction in field-work. Mr. Bion 
found him very willing and anxious to do his best but the nature of 
the work was perhaps too difficult and complicated for one untrained 
in the rudiments of field-work. 

TRANS-FRONTIER EXPLORATION. 

Chifral, Chinese Turkestan and the Pamirs. 

142. In the course of a recent journey to Europe through Chitral 
and the Russian Pamirs, Dr. Hayden made 

Dr. H. H. Hayden. collections of rocks and fossils, which reached 

Calcutta from Kashgar towards the end of the year. From notes 

K 2 
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supplied by Dr. Hayden it would appear that the hills of Dir and 
Swat consist chiefly of basic igneous rocks followed by a series of 
unfossiliferous, and often metamorphosed, sediments resembling the 
Purana rocks of the Himalaya. These are separated by a wide belt 
of granite from a group of agglomerate and trap, evidently the 
western representatives of the Panjal trap and Agglomeratic Slate 
of Kashmir. This group of beds is well seen below Drosh in the 
valley of the Chitral river. 

143. In Upper Chitral an interesting stratigraphical series, 
extending probably from Cambrian to Cretaceous, was found along 
the Yarkhun river. Interruptions by faults and by intrusive masses 
chiefly of granite, render the sequence discontinuous, but it was 
found possible to make fairly extensive collections of fossils ; the 
Upper Devonian beds, from which specimens had already been 
described by Hudleston in 1902^ yielded an especially fine collection 
of brachiopods and corals. At the head of the Yarkhun valley, on 
the divide between Chitral and the Afghan province of Wakhan, 
Carboniferous and Permian beds near the Baroghil and Shawitakh 
passes contain an interesting fauna comprising Brachiopoda, Bryozoa, 
Fusulince (with Schwagerirux) and Nautili, 

144. In the Yasin valley, between Gilgit and Chitral, a slaty 
limestone full of hippurites was found among highly metamorphosed 
sediments, and Dr. Hayden is inclined to regard the metamorphic 
rocks of Gilgit, Hunza, Nagar, and N.-W. Kashmir as to a great 
extent merely the altered representatives of the sedimentary beds of 
Chitral and as rangmg in age from Low^er Paloeozoic to Cretaceous. 

146. Interesting collections were also made in the Pamirs, and 
Chinese Turkestan, where Dr. Hayden met wdth the greatest kindness 
at the hands of the respective Russian and Chinese oflSicials, and 
particularly at the hands of Sir George Macartney, British Consul- 
General at Kashgar. In the Russian Pamirs the most persistent 
and conspicuous stratigraphical element is a very thick limestone 
series (“ Pamir Limestone ”) containing well-preserved Jurassic am¬ 
monites in its upper beds. It was probably from the lower beds 
of the same Pamir Limestone that Stoliczka collected the Triassic 
genus Hahrella near Nezatash in 1874. The limestone is under¬ 
lain by a great series of shale, sandstone and conglomerate full of 
intrusions of basic rocks. 

' (hologkal Magazintt Vol. IX, 3-8, 49-58 (January, February, 1902) 
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146. In the northern Pamirs, at the eastern foot of the Ak 
Baital pass, which lies between the Rangkul Pamir and Great Kara 
Kul (lake) a limestone near the roadside yielded a small fauna 
of Upper or Middle Devonian age. 

147. Dr. Hayden’s collections also include Gryphcea Kaufmanni 
{=08trea turkestanensis Rom.) from the Ferghana stage of the 
Tertiary of Chinese Turkestan and the Alai, and Fusulina limes¬ 
tone from the latter range. 

148. The chief interest of the observations made in Chitral and 
the Russian Pamirs lies in the fact that, as had been anticipated, 
they serve to a great extent to explain the differences between the 
Afghan and Himalayan stratigraphical provinces. The strike of the 
rocks conforms completely to the general structural conditions indicated 
by the deep re-entrant bay of alluvium in north-western India; 
in western Chitral it is approximately S.W.—^N.E. gradually bending 
round, in the mountains surrounding the upper Yarkhun valley, 
in Yasin and in Gilgit, to W.-E. and finally trending onwards to 
N.W.—S. E. in the Taghdumbash pamir and Sarikol. It would 
appear, therefore, that the basin in which the fossiliferous series of 
Upper Chitral were deposited is the westerly continuation of the 
geosynclinal of Spiti and Ladakh, and unless obliterated by intrusive 
igneous material, ought to be found again in the Karakoram range. 
Indications of its presence there are, indeed, said to have been met 
with by members of the Filippi expedition during the course of 
their recent researches. 



138 Records of the Geological Stireey of India. [Vol. XL\ . 

Note on the new feline genera sivaelurus and 

I'ARAMACHAERORllS AND ON THE POSSIBLE SURVIVAL 

OF THE SUBPHYLUM IN MODERN TIMES. BY GUY E. 

Pilgrim, D.Sc., F.G.S., Officiating Superintendent, 

Geological Survey of India. (With Plates ? and 6.) 

In the year 1888 Weithofer^ founded the species Machaerodus 
schlosseri on two mandibles from the pontian of Pikerini, which 
possessed a moderately long diastema behind the canine and a charac¬ 
teristic ridge adjoining the symphysis, and in which an abrupt 
passage took place from the under to the front margin of the ramus, 
although the descending symphysial flange of Machaerodus v/as 
absent. He suggested the specific identity of a fragmentary mandibular 
ramus, described and figured by Kaup ^ under the name of Felis 
ogygia^ from Eppelsheim, with the Pikermi species. 

In 1885 Kittl ^ described the front portion of a skull from Maragha 
in Persia under the name of Machaerodus orientaUs, In this case the 
^ize of the upper canine was in defect of that of previously known 
species of Machaerodus, but Kittl considered that the crenulated 
edge of the canine and certain other characters entitled it to a 
position in Machaerodus rather than in Felis. 

In 1901 Boule^, in reviewing these forms, remarked that the absence 
of a downward symphysial expansion and the approximation in size 
between the upper and lower canines clearly separated them from 
Machaerodus, and he referred them all to Felis. 

A series of mandibles found in the Tertiaries of India extending 
in age from the sarmatian to the top of the pontian and a maxilla 
from the sarmatian throw a certain amount of light upon the evolu¬ 
tion of this peculiar type and seem to justify its generic separation 
from Machaerodus and Felis. 

* Weithofer. Beitrage zur Kentitniss der Fauna von Pikermi bei Athen, Beitr. z. 
Pal. OsUVng. Wien, VI (1888), p. 233. 

• Kaup, Ossemons foss. Darmstadt (1832), p. 21, PI. 2, fig. 3. 
• Kittl, Die fossile Sangethiere von Maragha, Ann. k. k. naturhiet. Hof museums, 

Vienna, I (1886), p. 6. 
* Boule, Revision des esp^oea Europdennea de Machairodus, Bull. Soc. Oiol. France, 

(4), I, (1901), p. 669. 
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The writer has already referred to the matter^ and has proposed 
the new generic names of Sivaelunis for the maxilla and one of the 
mandibles which occupy the lowest stratigraphical position in the 
series and that of Paraniackaerodus for the Ihdian mandibles of 
higher levels and the Pikermi, Maragha and Eppelsheim species of 
Weithofer, Kittl and Kaup respectively. 

The study of these forms has suggested to me certain specula¬ 
tions as to their origin and subsequent history, which will however 
be better discussed when the various Indian specimens have been 
described, and the evidence has been brought forward for regard¬ 
ing them as representing continuous stages of evolution from Sivae¬ 
lurus chinjiemis to Paramachaerodus schlosseri and orierUalis, 

PARAMACHAERQOUS cf. SCHLOSSERI Weithofer, sp. 

18SS. Machaerodas fichlosseri Weithofer Beitrage zur Kentitniss dor Fauna von 
Pikermi bei Athen, Beilr. z. Pal. Ost.-Ung. TF*e», VJ, p. 233. 

The first of the specimens under examination was obtained from 
the neighbourhood of Hasnot and although the precise locality of 
the specimen was not recorded by Sub-Assistant Vinayak Rao, who 
collected it, yet the character of the matrix makes it practically 
certain that it came from the Dhok Pathan zone and not from the 
Tatrot beds, which are also fossiliferous in the neighbourhood of 
Hasnot. This is a red ferruginous sandstone, which is plentiful 
at this horizon of the Middle Siwaliks. The specimen (G. S. I. No. 
D. 140) is a portion of the left mandibular ramus, broken off short 
immediately behind m^, but showing well the front part as far as 
the symphysis. 

Subsequently to the fossilization of the specimen the contour 
of the individual teeth has become considerably worn and the 
points of some of the cusps have been entirely destroyed. It is 
therefore fortunate that another specimen (G. S. I. No. D. 141) 
is in existence, which, though coming from another locality, near 
the village of Bahitta,^ belongs to essentially the same horizon, 
being if anything slightly older. This is a little smaller and shows 
certain slight differences from the Hasnot mandible, both in respect 
of the depth of jaw and in the contour of the ramus in front of pm, 

^ Pilgrim ; The correlation of the Siwaliks With mammal horizons of Europe. Bee. Qtcl. 
SuTV. India, XLIII (1913), pp. 291, 314. 

* This village is marked in the map which accompanied the author’s paper quoted 
above 1. c., PI. 27. (lat. 32® 47'; long. 73® 18'). 
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both on its upper and lower margin, which approximate to those 
of Paramachaerodus sivalensis and Sivaelurm chinjiensis, 

I have, indeed, considered the question of referring it to a dis¬ 
tinct species from the Hasnot mandible, but having regard to the 
variations which occur in the various mandibles referred to the one 
species Paramachaerodus sehlosser% it seems impracticable to separate 
the Bahitta specimen specifically from the others, unless one were 
to make two additional species at the same time. But in any case 
there can be little doubt that the structure of the teeth is the same 
in both mandibles, and it is therefore essential that they should be 
considered as supplementary to one another. 

I have compared my specimen both with the figures which accom¬ 
pany Weithofer’s description and also with original specimens of 
this species obtained by Dr. A. Smith Woodward from Pikermi 
and now in the British Museum, and find that the differences are so 
trifling as to be quite within the limits of individual variation. It 
may be observed that Weithofer distinguishes two types of jaw 
belonging to this species, while the British Museum specimen differs 
again slightly from both of them. 

The dimensions of this specimen are tabulated on p. 154 
alongside those of the Bahitta mandible, of the Pikenni specimen 
of Paramachaerodus schlosseri and the mandibles assigned to Para- 
machaerodus sivalensis and Sivaelurus chinjiensis. 

The lower margin of the ramus is almost straight except for the 
slightest bowing midway between m^ and pm^. The depth of the 
ramus is little if at all less in its front than in its hinder part. In 
the Pikermi mandibles the depth diminishes slightly towards the 
front. The Bahitta specimen agrees with the Pikermi rather than 
with the Hasnot form. The passage from the lower edge to 
the front edge of the ramus is abrupt, the angle between them being 
precisely the same as in the case of the Pikermi mandibles of Para¬ 
machaerodus schlosseri. This portion of the Bahitta mandible is 
defective, but it is likely that it is very similar to the Hasnot speci¬ 
men though rather more slender. The outer face of the ramus 
passes as abruptly into the front face, the two being separated by 
a prominent ridge so that the anterior surface of the ramus is con¬ 
cave. This agrees perfectly with the condition in Paramachaero¬ 
dus schlosseri, though perhaps in the Pikermi species the ridge is 
slightly more pronounced. The upper border of the ramus ascends 
but slightly from pin^ to the base of the canine and less so than 
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either the specimens from Bahitta or Pikermi. The space between 
the inner margin of the canine and the symphysial suture is the same 
as in the Pikermi species, about 6 m.m. Two mental foramina arc 
visible, one beneath pmg and the other beneath the diastema. Of 
these the latter is much the larger. 

Mj consists of two lobes separated by a moderately deep notch 
of which the posterior one is the longer. At the base of the latter 
in the Bahitta mandible is a minute, backwardly projecting heel 
precisely as in the Pikermi mandible. I have very little doubt that 
a similar feature is present in the Hasnot species although on account 
of breakage it cannot now be seen in my specimen. 

In pm^ the enamel on the postero-internal surface has been 
badly worn as well as the whole of the anterior portion of the tooth, 
but by comparison with the in some respects better preserved pm^ 
of the Bahitta mandible we can arrive at its structure with but 
little chance of being in error. The primary cusp is much taller than 
either the ones in front of and behind it. It is probable that the 
anterior of these two cusps is weaker than the posterior one and less 
strong than it is either in the Pikermi mandible or that from Bahitta. 
This will account for the proportionately inferior length of pm^ in 
the Hasnot mandible. Behind the posterior cusp is a well-marked 
cingulum, which is continued as a broad shelf on the postero-internal 
corner of the tooth. The existence of this shelf makes the diametter 
of the tooth much greater behind than in front. The shape of the 
tooth is here identical with that of the Pikermi mandible. 

Pmg is rather smaller than pm^ but is constructed on a similar 
plan. The anterior cusp is, however, very slightly pronounced, and 
the shelf internal to the posterior cusp is weaker than in pnij^. This 
tooth seems to differ in no respect from the corresponding tooth 
of the Pikermi species. 

Another feature deserving of notice about pmg is the presence of 
a series of crenulations on the anterior edge of the tooth, which, 
though minute, are very distinct. These crenulations are not 
recorded in the case of the Pikermi mandible, but since a very 
small amount of wear might dispose of them it does not follow that 
they were not present originally in the species. Further their 
presence on pm® strongly predisposes us to assume that similar 
crenulations existed on the canine, and this in its turn is suggestive 
both of the Machaerodonts and of the upper canine of Parama- 
chaerodits orientalis, w’hich shows them plainly. 
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The canine in my specimen appears by its root to have been 
a moderately large, slender tooth with a posterior ridge. Ifc is larger 
than the canine in Weithofer’s mandibles but equal in size to that of 
the British Museum specimen fro;n Pikermi, which I have examined. 

In conclusion the only certain differences between the Indian 
mandibles and that of Paramachaerodus schlosseri of Pikermi are the 
following : — 

(1) The symphysial ridge seems to be slightly weaker in the 
Indian form; 

(2) The proportionate length of the premolars is rather 
different in the Indian mandibles, pm^ being pro¬ 
portionately shorter. Since the British Museum speci¬ 
men comes half way between the Indian mandibles 
and those figured by Weithofer, it seems difficult to 
make a specific distinction on this character. 

The amount of the diastema behind the canine lies between 
that of Weithofer’s mandibles A and B, while that in the British 
Museum specimen is the largest of all. The ratio of the diameter 
of the lower canine to the length of the diastema is the same in the 
Hasnot mandible as it is for Weithofer’s mandible A, though less 
than in either of the other two specimens. The Bahitta mandible 
agrees with the two mandibles which have this ratio larger. 

Since the species appears to be variable in these characters, 
whatever the explanation may be, it is quite impracticable to establish 
another species for the Hasnot or Bahitta mandibles distinct from 
that to which the three Pikermi mandibles have been assigned. 
At the same time, considering the imperfect state of preservation of 
the Indian specimens, I hesitate, until further material is obtain¬ 
able, to give to them the unqualified appellation of Paramachaerodus 
schlosseri. 

PARAMACHAERODUS SIVALENSIS Lyd. sp. 

1877. Pseudadurua aivcUenais, Lydekker, Bee. Ocol. Surv, India, Vol. X, p. 83. 

1884. Aelnrogale aivalensis, Lydokker, Indian Tertiary and post-Tertiary Vertebral i, 
Pal. Ind., ser. 10, vol. II, p. 317, PI. XLIV, fig. 7. 

1913. Sivadurua (?) aivalensia. Pilgrim, Tne correlation of the Siwaliks with 
mammal horizons of Europe, Bee. Oiol. Surv. Inlia, Vol. XLllI, pp. 282, 
201. 

The mandible which is the type of this species has already been 

admirably described and figured by Lydekker, and little need be 
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added to this except conclusious as to its .generic position, based en¬ 
tirely on specimens which were not discovered when Lydekker 
wrote his description. Considering the fragmentary nature of the 
mandible Lydekker’s determination of it as Aelurogale {^Aelurictis) 
was the soundest possible in the circumstances, and Matthew’s 
reference of all species of Aelurictis to the genus Nimravus removes 
any generic significance which might have attaclied to certain features 
in which this mandible differs from European species of Aelurictis, 
since these species are now merged in the genus Nimravus, other 
species of which do not exhibit these distinctions. 

The very close affinity which this mandible undoubtedly shows 
to the species of Parmnachaerodus which have just been described, 
enables us to infer the existence of certain characters in the mandible 
now under consideration which are not actually visible. The most 
important of these concerns the structure of the hinder portion of 
nij. If we compare the lobes and alveoli of m^ in the present man¬ 
dible and that from Baliitta, it seems impossible to imagine that the 
heel of this tooth was much more pronounced in the former specimen 
than it is in the latter. That it may have been a little stronger in 
Paramachaerodus sivalensis is possible, but it cannot, I think, 
have approached the dimensions which it exhibits in all species of 
Nimravus, including those referred formerly to Aelurictis. It is not, 
perhaps, possible to assert positively that a vestigial m^ was absent, 
but that it fulfilled any function is extremely unlikely, considering 
the entire absence of any trace of a root behind nij. It seems 
most probable that this tooth was entirely absent, as is the case in 
the mandible of Paramachaerodus of. schhsseri from Bahitta. 

The greater length of the premolars in this mandible as compared 
with the carnassial is certainly a distinction between it and all species 
of Nimravus. 

It seems also allowable to attach some value as evidence to the 
fact that two mandibles to which this shows distinct affinity, namely 
that of Paramachaerodus schlosseri and that of Sivaelurus chinjiensis 
may reasonably be associated with maxilljc, which are obviously 
distinct generically from Nimravus not only by their shortness 
and absence of a diastema between pm^ and the canine, but also 
by the presence both of a parastyle and an anterior cingular cusp 

to the upper carnassial. 
There seems no need to consider in any further detail the differences 

of this mandible from other genera. Those generic distinctions which 
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separate the genus ParaimchaeTodus from other genera apply equally 
in this case. It is necessary, however, to mention my reason for 
assigning it to Paramachaerodus rather than to Sivaelurus, which was 
my first opinion. I was at first inclined to attach considerable im- 
portance to the presence both in this mandible as well as in that of 
Sivaehrus chinjiensis of a vestigial pmg. The investigations of 
Matthew and others have, however, shown that the mere presence or 
absence of vestigial teeth is an inconstant feature and often individuah 
Under these circumstances the mere fact that a pmg is present in both 
these mandibles and absent in those from Bahitta and Hasnot should 
not be regarded as a valid reason for necessarily placing the two 
former into the same genus,* and the two latter into another. At the 
same time the long diastema in Lydekker’s specimen points to an 
affinity with the Chinji mandible, and there seems little doubt both 
that the former represents a stage intermediate between Sivaelurus 
and Paramachaerodus and also that other species, still undiscovered, 
might easily so bridge over the interval that separates them, as to 
render generic separation extremely difficult. Since the Chinji 
mandible is so fragmentary, many important characters which 
might have afiorded a means of distinction are unknown to me. I 
rely therefore upon the following as indicating a generic difference 
between it and Lydekker’s species :— 

(1) The very small dimensions of pnij, and the very different 
proportions between pnig and pm^; 

(2) the entirely different appearance of the front portion of 
the jaw due to the much larger angle which the front 
surface of the mandible makes with the lower surface. 
This causes the canine to project forward in the most 
striking degree. In both of these points Lydekker’s 
species does not differ essentially from either of the 
mandibles of Pararmchaerodus schlosseri. 

It remains to detail the particulars in which this species is to be 
distinguished from the other forms of Paramachaerodus, 

(1) The ramus is decidedly shallower, though, if anything, 
stouter in proportion than in any of the forms referred 
to Paramachaerodus schlosseri, 

(2) The diastema is proportionately longer than in any other 
species of Paramachaerodus^ even in the British Museum 
specimen, in which it is longer than the others. The 
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ratio between the length of the diastema and the 
antero-posterior diameter of the canine ranges in Para- 
maehaerodus schlosseri from 1.2 to 1.5 but in the 
present mandible this ratio is as high as 1-62. 

(3) A vestigial pm^ is present about'9 mm. in front of pm. 
(4) The space left for the incisors between the canine and 

the symphysis is more confined than in Paramachaero- 
dus schlosseri, 

(5) The upper margin of the ramus slopes upward between 
pm 3 and the canine more steeply than is generally the 
case in the other forms, although the Bahitta mandible 
and that of Paramachaerodus ogygia considerably mini¬ 
mize this distinction. 

SIVAELURUS CHINJIENSIS Pilgrim 

1010.—Pseudaelurus chinjiensis. Pilgrim, Not'ceR of new mammalian genera and 
species from the Tortiari(*s of India, Rec, Oeol. Surv. India, vol. XL, p. 65. 

1913.—Sivaelurus chinjiensis, Pilgrim, The correlation of the Siwaliks with 
mammal horizons of Europe, Rcc. Oeol. Surv, India, vol. XLIIT. pp. 314 footnote and 
201. 

The type of this genus and species is a right maxilla (G. S. L, No. 
D. 150), which I formerly referred to the genus Pseudaelurus, It 
was found in the Chinji horizon of the Lower Siwaliks in the neigh¬ 
bourhood of Chinji, and has attached to it some of the characteristic 
red concretionary sandstone of the Chinji beds. The maxilla appears 
to be almost complete, the specimen showing in addition the broken 
base of the jugal and the anterior margin of the orbit. 

The height of the maxilla is about 52 mm. and the length 51.6 
mm. The distance between the infraorbital foramen and the front 
edge of the maxilla is 24 mm. and the height of the orbital 
margin above the crown base of pm® is 28 mm. 

These dimensions together with those of the teeth are tabulated 
below :— 

Height of maxilla ..... . 62 

Length of maxilla ....... 
Distance between infraorbital foramen and front edge of 

51*6 

maxilla .. 24 

Height of orbital margin above base of pm® . « • 28 

length. • • 4-8 

breadth. • • 11-2 

' length « « 20*6 

‘ breadth. • 9-2 
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: : ; 
; ; ; 

C anteroposterior diameter 

^ transverse diameter 

11-5 

6*2 

3-9(?) 

1*7(?) 

no 
7-8 

Pm* is a one rooted, probably functionless tooth, of which the 
alveolus completely fills up the space between pm* and the canine 
so that there is no diastema. 

Pm* consists of a tall principal cusp, a distinct metastyle and 
a rudimentary parastyle. Behind is a heel which passes into 
a faint cingulum on the postero-internal half of the tooth. 
It is noteworthy that on the anterior blade of the principal cusp 
there are quite distinct traces of serrations, which no doubt were 
once much stronger. There certainly seems to be some signifi¬ 
cance in the fact that similar serrations exist on pm.^ of the Chinji 
mandible referred to this species and on the corresponding tooth in 
the Hasnot mandible of Paramachaerodus cf. schlosseri. 

Pm^ consists of a principal cusp (paracone), an elongated hinder 
shear (metacone), a well marked anterior cusp (parastyle) and a 
fedrly strong inner cusp (protocone) on a level with and separated 
by a distinct broad valley from the parastyle. On the blade of the 
paracone a series of striae may be seen which obviously are the 
remains of serrations corresponding to those referred to above in 
the case of pnig. A small but clearly defined cusp lies in front of 
and external to the parastyle, which seems to be homologous with 
the anterior cusp developed in some of the Machaerodonts and may 
be known as an anterior cingular cusp. There is a cingulum on the 
internal side of the metacone. 

is a transversely elongated tooth, its long diameter forming 
a little less than a right angle with the axis of the carnassial and the 
tooth series. It consists of an external elongated transverse blade 
and an internal cusp. 

The canine which is broken off at the base of the crown is a per¬ 
fectly elliptical tooth, compressed transversely but without any 
indication of a posterior ridge. 

The cat-like features of this maxilla are apparent at a glance, 
while the large, transversely elongated m^ and the small pm* equally 
bespeak its primitive constitutipn. 
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Although in some respects this maxilla reminds one of Pseudae- 
lurus, yet the following distinctions are amply sufficient to justify 
generic separation :— 

(1) The entire absence of a diastema anywhere in the tooth series; 
(2) The inferior size of pm^ in Sivaelurus and the lesser pro¬ 

minence of the postero-internal cingular shelf; 
(3) The smaller size of the canine in Sivaelurus, its entirely 

elliptical shape in cross section and the absence of the 
posterior trenchant edge which the canine of Pseudaelurus 
possesses; 

(4) The presence of a stiong antero-external cingular cusp 
in pm^; 

(5) The greater depth and lesser length of the maxilla in 
Sivaelurus, 

Sivaelurus differs from Nimravus, so far as the maxilla is con¬ 
cerned :— 

(1) by the presence of a strong parastyle and antero-external 
cingular cusp in pm"*; 

(2) by the smaller pm^; 
(3) by the absence of a diastema; 
(4) by the greater transverse diameter of m^; 
(5) by the weaker protocone in pm^. 

These points serve equally to distinguish Sivaelurus from Aeluric- 
tis, placed by Matthew in the genus Nimravus, 

Sivaelurus differs from Dinictis:— 

(1) by the presence of a parastyle and antero-external (singu¬ 
lar cusp, and by the less prominent protocone in pm^; 

(2) by the more robust canine. 
Hoploj)honeus may be distinguished from the Indian genus : 

(1) by its rudimentary parastyle ; 
(2) by the larger pm^; 
(3) by the exceedingly slender canine ; 
(4) by the lesser transverse elongation of m^. 

Sivaelurus differs fron Felis in the following particulars . 

(1) the larger dimensions and the transversely elongated shape 
of A slight approach to this is seen in a few modern 
cats such as Felis temminckii of Sikkim, but the 
difference is still marked and indicates an earlier and 

more primitive constitutioij. 
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(2) The shortness of pm^ distinguishes Sivaelurua from most 
species of FeUs, but in Felis caracal this tooth is equally 

short. 
(3) The presence of a pronounced antero-external cingular 

cusp in pm^. In Felis caracal an evidently homolo¬ 
gous structure exists, but faintly and in quite a rudi¬ 
mentary condition. A similar but also rather rudi¬ 
mentary cusp is found in pm^ of Felis brevirostris of 
the Middle Pliocene. It appears also that such an 
anterior cusp is found in the upper milk carnassial 
of Felis spelaeUy from which we m,ay infer that its 
presence is primitive and that it atrophied later. 

(4) The larger upper canine, which, though elliptical in cross 
section like Felis, more resembles the Machaerodont 
canine than that of any known cat. 

Cryptoprocta, although possessing a very similar to Sivaelurus, 
is distinguished by the completeness of the premolar series, apart 
from other more or less obvious features. 

Machaerodus, equally with Felis, differs from Sivaelurus by the 
small m^, while pm® is even smaller as compared with the carnassial 
than in the Chinji maxilla. Other still more obvious differences 
are the rudimentary nature of the protocone in pm^ and the larger 
canine. 

Coming to Paramachaerodus as represented by the maxilla of 
Paramachaerodus orientalis from Maragha, one cannot fail to be 
struck by the resemblances, allowing for its greater size, between it 
and Sivaelurus. The structure and proportionate dimensions of 
pm® and pm* are almost identical, the anterior cingular cusp only 
differing in the Maragha maxilla by being situated a little more in¬ 
ternally. Both forms have equally short muzzles; the diastema be¬ 
tween pm® and the canine in Paramachaerodus orientalis represents 
the exact equivalent of the space filled by pm® in Sivaelurus, The 
uppeiv canine is even larger in the Maragha than in the Chinji species 
and has the trenchant edge which appears to be lacking in the latter 
species. The transversely elongated m^ and the existence of pm®, 
though amply sufihcient to justify generic separation, are merely 
ancestral characters which one might expect to find in a sarmatian 
or tortonian form and to disappear in its pontian descendant. The 
depth of the maxilla is also proportionately greater in the Chinji 
them in the Maragha specimen. 
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Mandible.—The mandible now to be described (G. S. I., No. D 151) 
is merely referred provisionally to the species Sivaelurus chinjiensis. 

It was found in the same beds and agrees well in size with the type 
maxilla. At the same time it is extremely fragmentary, and it is 
just possible that the hinder portion might contradict the deductions 
as to its affinities which I draw from its anterior portion. 

It is broken off behind pm^ and the front half of the latter tooth 
is broken olf nearly level with the root. The specimen is figured in 
PI. 2, figs. 2,2a, 2b, and its various dimensions are git^en in the table 
on page 154. 

Pm^ is a rather long tooth, with a strong metastyle behind the 
principal cusp and an equally pronounced cingulum developed be¬ 
hind and on both sides of the metastyle, but decidedly broader in¬ 
ternally. In Paramachaerodus this cingulum is chiefly developed 
on the internal side, but there is little if any difference between the 
proportionate breadth in the front and hinder portions of the tooth 
as compared with Sivaelurus. There is room fora slight parastyle 
in front of the principal cusp, but it is impossible to say whether 
such was present or not. 

Pnig is a small tooth with a metastyle behind the principal cusp 
and an encircling cingulum similar to but weaker than that on pm^. 
The tooth however tapers behind, unlike pm^ and unlike the cor¬ 
responding tooth in Paramachaerodus. There is no parastyle. 
The front edge of the blade of this tooth shows a very distinct series 
of fine serrations, which recall those on the teeth of the maxilla just 
described. 

About half way between pm, and the canine is the alveolus of a 
small pm^, which was evidently functionless. The upper margin of 
the ramus ascends between pm, and the canine. The lower margin 
of the ramus passes abruptly ’into the front surface in a precisely 
similar way to what is the case in Paramachaerodus, only differing 
by the smaller departure from the horizontal, the angle between the 
two surfaces being about 59° as against 65° in Paraimucha^rodus cf. 
schlosseri and Paranmehaerodus sivalensis. A ridge of about the 
same strength as the corresponding ridge in Paranmehaerodus cf. 
schlosseri separates the lateral surface from the front surface of the 
ramus. The root of the canine is elliptical in cross section without 
the distinct indication of a posterior trenchant edge which is found 
in Paramachaerodus cf. schlosseri. The space betw^n the inner 
margin of the canine and the symphysial suture is about the same as in 

F 
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Paramachaerodus simlensis and less than it is in Paramachaerodus 
cf. schlosserL The actual symphysis is also longer than seems to be the 
case in either of the mandibles of Paramachaerodus. There are two 
mental foramina, of which the anterior one is the larger and is situated 
beneath the diastema, while the posterior one lies beneath pm^j. 

It will thus be seen that the anterior portion of this mandible 
agrees in shape with the various mandibles referred to Parama^ 
chaerodus. These all differ equally from Pseudaelurus as from Felis 
by the presence of a symphysial ridge and by the abrupt passage 
from the under to the front surface of the ramus. It is true that 
similar characters are found in Nimravus, but the long symphysis and 
the forward inclination of the front portion of the ramus is unlike 
that genus. Moreover the small size of pm.^ in comparison with 
pm^ is unlike any known species of Nimravus. 

Machaerodus, and the Machaerodont phylum generally, agree in 
respect to the small size of piUg but may easily be distinguished by 
the descending symphysial flange and by the smaller lower canine. 

The points in which this Chinji mandible differs from the mandibles 
of Paramachaerodus from Pikermi, Bahitta and Hasnot are not in¬ 
consistent with an older form ancestral to the pontian species. The 
vestigial pm^ is, obviously, a primitive feature, while the slenderness 
and shallowness of the ramus and the small size of pnig are charac¬ 
ters found alike in Oligocene forerunners of both the Feline and 
Machaerodont phyla, such as Dinictis and Hoylophoneus. When in 
addition there is preserved to us such a mandible as that of Parama¬ 
chaerodus swalensis, which in most of these particulars is inter¬ 
mediate between the sarniatian and pontian forms and serves to 
bridge the interval, we have strong evidence that the Chinji mandi¬ 
ble is closely allied to the actual ancestor of Paramachaerodus. 

The affinity between the maxilla of Sivaelurus chinjiensis and that 
of Paratnachaerodus orientalis from Maragha has already been noted. 
There seems strong reason to suppose that the Chinji maxilla belongs 
to an animal which was closely allied to the actual ancestor of the 
Maragha species. There seems equally strong reason for associat¬ 
ing the mandible of Paramachaerodus schlosseri at least generically 
with the Maragha maxilla. ZitteP and Schlosser * even identify the two 
specimens specifically, but in any case the proportions existing between 

^ Zittol, Haudbu^h dcr PaisBoatologie, Vol. IV, p. 674. 
• M. Sohlosser, Dio Affen, etc. dos Europaischea Tcrtiars, Beilr. z. Pal. Ost-UfUi. 

VIII (1890), p. 62. 
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the diastema in the mandible and the upper canine, the crenulated 
canines in both and the general correspondence between the two 
teeth series justify us in considering them as generically the same. 

Assuming that the Chinji mandible is ancestral to Paramachaerodua 
schhsseri and that the Chinji maxilla represents a correspondingly 
earlier stage on the line leading to Paramachaerodus orientalisy 
it seems useless to refrain from provisionally uniting the two Chinji 
specimens specifically. The close agreement in size and the 
serrations on the edges of the premolars in both, furnish additional 
arguments in favour of this decision. 

The Phytogeny of Sivaelurus and Paramachaerodus. 

W. D. Matthew in his paper on the Phylogeny of the Felidae^ has 
very clearly set forth the evidence for the existence of two perfectly 
distinct lines in this group .— 

(1) the Machaerodonts, originating from the Oligocene Hophphoneus ; 
(2) the Feh'nes originating from the Oligocene Dinictis, 
In the former line Matthew supposes that progressive enlargement 

of the upper canine has been accompanied by progressive reduction 
of the lower canine. The inner cusp of the upper carnassial has 
aborted gradually, and pm® in the upper jaw and pmg in the lower 
jaw are reduced. In the Feline line progressive reduction in the 
upper canine and progressive enlargement in the lower canine has 
taken place, the internal cusp of the upper carnassial remains strong, 
pm® in the upper jaw is large while pm^ in the lower jaw enlarges 
to subequality with pni^. It may be added that, according to this 
theory of descent, while the downward symphysial expansion is present 
in the earliest known members of both lines, in the Feline line 
this disappears although a symphysial ridge remains in the Miocene 
Nimravus, which vanishes in , Pseudaelurus and Felis, In the 
Machaerodont line, on the contrary, the symphysial expansion tends 
to strengthen, up to the final extinction of the line with the Sabre¬ 
tooths of the Pleistocene. 

Matthew, however, has not entered into the exact relations 
between the upper Miocene members of the Feline line and the 
genus FeliSy nor has he remarked upon the presence at such a late 
date as the pontian of forms like Paramachaerodus schhsseri and 
orientalis, which, while possessing a large pm^, still retain a symphy¬ 
sial ridge and moderately large upper canines. Equally has he 

1 Bull. Amer. Nat. Biat., XXVIU (1910), pp. 289—310. 
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offered no explanation of the origin of certain short-faced species of 
Felis which have a small pm® and pm^, like Felis brevirostris of the 
Pliocene and the recent Felu caracal, or of such a form as the recent 
Felis nebulosa, in which not only is pm, small, but also a certain 
squareness of chin is distinctly traceable, while the size of the upper 
canines exceeds that of any other known modern species of Felis. 
In the hope that the material, now described for the first 
time, may throw some little light on the answer to this and kindred 
problems, and may indicate the lines on which further palaeontolo¬ 
gical discoveries and research may eventually succeed in completely 
elucidating it, I am tempted to offer a few tentative remarks on the 
subject. 

Assuming that the evidence detailed above is sufficient to justify 
us in connecting Sivaelurus through the intermediate links of Para- 
machaerodus sivalensis and variants of Paramachaerodus schhsseri 
with Paramachaerodus orientalis of Maragha, the origin of Sivaelurus 
first claims our attention. Can we place it on the one or the other of 
Matthew’s two main groups of Machaerodonts or Felines or can we 
ascertain its relations to the main line of development in either case 
as stated by that author ? An endeavour will be made by selecting 
for comparison with Sivaelurus those forms on either line which we 
have reason to regard as representing synchronous or at all events 
equivalent stages of development. The sarmatian (possibly tortonian) 
age of Sivaelurus is the first consideration ; next the absence 
of a descending ffange to the symphysis provides us with definite 
proof of a stage much later than that of DinicHs and Hoplophoneus. 
Therefore we may, perhaps, compare the Indian genus with Miocene 
types of Machaerodus and Nimravus. We need only to notice the 
large m^ of Sivaelurus, the prominent protocone of its pm^, the 
absence of any exceptional enlargement of the upper canine or of the 
upper carnassial as well as of a descending flange to the symphysis 
to convince us that the genus can find no place on the Machaerodont 
line of* evolution. On the other hand in all these respects it con¬ 
forms to the Feline line. It obviously represents a stage as primi¬ 
tive as that of Pseudaelurus and Nimravus, judging by its large m^ 
and the absence of any great degree of reduction in the dentition. 
Sivaelurus like Paramachaerodus shows by the absence of a descend¬ 
ing flange to the symphysis and the larger lower canine a consider¬ 
able advance on Dinictis, though it is not possible to assert posi¬ 
tively that like the Middle Siwalik forms, Sivaelurus has lost all 
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vestiges of an ancestral metaoonid in m^, this portion of the mandible 
being unknown in the latter genus. 

On the other hand, when consideration is taken of its short 
muzzle, the short diastema in the upper dentition, the small size 
of pmg and the large upper canine and carnassial, one is disposed 
to regard it as representing the outcome of a branch of evolution 
parallel to that which led to the genera Nimravus and Pseudaelurus, 
and taking its origin as far back as the genus Dinictis, some species 
of which, somewhat allied to D. sqmlidens, might not have been far 
removed from the hypothetical Oligocene ancestor of Sivaelurus, 
if we accept Matthew’s phylogenetic theory. As in the case of 
Nimravus, the descending flange of the symphysis has disappeared, 
but the remnant of it remains in the abrupt passage of the chin into 
the lower margin of the ramus and the expansion of this portion of 
the jaw. 

In the course of the evolution of this type into that of Pararm- 
chaerodua, the chief changes which have taken place are the equali¬ 
zation in size of the carnassial and the premolars, the shortening of 
the diastema in the lower dentition and the reduction in size of the 
upper molar. 

The history of this line in the Pleistocene is unknown, and there 
seems reason to think that the type of Paramachaerodus itself has 
left no descendants in modern times. This belief is based on the 
failure to find, at all events amongst species, suflSciently large to be 
descended from Paramachaerodus schlosseri and ^ientalis, such a 
combination of characters as are met with in these pontian species. 
Even though the angularity of chin may have been on the way to 
disappearance, still such modern species as have an equally large 
upper canine differ in the relations of size existing between the 
carnassial and the premolars. 

In the common Indian and Malay species Felis nehulosa, we find 
many peculiar features in the mandible and in the dentition which 
are shared by the sarmatian Sivqelurus, but by no other living 
species. Felis nebulosa possesses a larger upper canine than in any 
other species of Felis. This tooth has also a sharp trenchant poste¬ 
rior edi^. Although the skull is elongated, the muzzle is short. 
The mandible is characterized by a long diastema between the 
canine and pmg, in which a vestigial pm^ often etists ; pm, is very 
small compared to pm^ and the carnassial; m^ has a distinct talon; 
while occasionally on the carnassial as well as the canine I seem to 
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Bee a faint vestige of a former crenulation of the blade. Last of all 
the chin passes more abruptly into the basal margin of the ramus 
than I have found to be the case in other species of Felis. The species 
is much the same size as Sivaelurus chinjiensisy but the height of the 
maxilla is greater in the latter, the muzzle is shorter in proportion 
and the upper camassial is proportionately larger. Still it seems to 
me possible that Felis nebulosa may be descended from some such 
form as Sivaelurus^ though no doubt the hypothetical ancestor was 
of inferior dimensions to the species Sivaelurus chinjiensis. 

I do not propose to enter into the history of the genus FeliSy 
but would merely suggest that the differences between the various 
modern species of cat are too great to lend much support to the theory 
of the monophyletic origin of the genus, or to render it likely that 
Nimravus or Pseudaelurua is to be regarded as the common ancestor 
of them all. The discovery of Sivaelurus, which reveals what we 
suspect to be a direct connection between Felis nebulosa and a 
sarmatian ancestral type may but herald that of numerous other 
phyla which evolved on parallel lines. 

Me^isurements of mandibles of Paramachaerodus and Sivlaeurus. 
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EXPLANATION OF PLATES. 

PLATE 5. 

Fia. 1.—Paramachaerodua cf. schlosseri Weith. sp. left mandibular ramus, 1 
surface view la external side view. From the middle Siwaliks of 
Hasnot, Punjab (G. S. 1. No. D. 140) Page 139 

Fig. 2.— Paramachcerodus cf. schlosseri Weith. sp. left mandibular ramus, 2 
surface view 2a external side view. From the Middle Siwaliks 
of Bahitta, Punjab (G. S. I. No. T>. 141) Pago 139 

All figures natural size. 

PLATE 6. 

Fig. 1.—Sivaelurus chinjiensis Pilg. right maxilla, 1 surface view la external 
side view. From the Lower Siwaliks of Chinji, Punjab (G. S. I. 
No. B. 160) Page 146 

Fig. 2.—Sivaelurtis chinjiensis ? Pilg. left mandibular ramus front portion, 2 sur¬ 
face views 2a external side view, 2b internal side view. From the 
Low er Siwaliks of Giinji, Punjab (G. S. I. No. D. 161) Page. 149 

All figures natural size. 



ERRATUM. 

Page 241, column 4, line 10, for (3351) read (5*5-10-2). 

Page 246, lines 6 and 7 from bottom, for n read tj. 
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Herbert Stanley Bion. 

IT is with great regret that I have to record the death, on June 6th, 
at the age of 27, of Mr. H. S. Bion, Assistant Superintendent, 

Geological Survey of India. Although he joined the Department 
so recently as January 18th, 1911, Mr. Bion had already shown 
that he was a geologist of no ordinary ability. Trained in London 
under Professor E. J. Garwood, his bent lay chiefly towards the 
palaeontological and stratigraphical aspects of his subject, and on 
these he was mainly employed, although he also took his share 
of current economic investigations. During his association with 
Mr. Middlemiss in the geological survey of Kashmir, his ready grasp 
of the most difficult stratigraphical problems gave promise of a brilliant 
future, and his subsequent work in Burma, both scientific and 
economic, showed that he possessed, in addition to ability, 
conscientiousness and perseverance. He had, in fact, all the 
qualities which go to make a geologist of the first order. 

During his short term of service, his attractive aisposition en¬ 
deared him to all his colleagues, and through his untimely death 
every member of the Geological Survey has to deplore the loss not 
only of a brilliant collaborator - but also of a warm personal friend. 

H. H. Hayden. 

B 



188 Records of the Geological Survey of India. [Vol. XLY. 
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I.—INTRODUCTION. 

The method of classification adopted in the first Review of Mineral 
Production published in these Records (Vol. XXXII), 

although admittedly not entirely satisfactory, is still the best that 
can be devised under present circumstances. The methods of 
collecting the returns are becoming more precise every year and 
the machinery employed for the purpose more efficient. Hence 
the number of minerals included in Class I—^for which approxi¬ 
mately trustworthy annual returns are available—^is gradually in¬ 
creasing, and it is hoped that before long the minerals of 
Class II—^for which regularly recurring and full particulars cannot 
be procured—will be reduced to a very small number. In the 
case of minerals, such as tin-ore, still exploited chiefly under primi¬ 
tive native methods and thus forming the basis of an industry 
carried on by a large number of persons each working indepen¬ 
dently and on a very small scale, the collection of reliable statistics 
is impossible, but the total error from year to year is not impro¬ 
bably approximately constant and the figures obtained may be 
accepted as a fairly reliable index to the general trend of the in¬ 
dustry. In the case of gold, the small native alluvial industry 
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contributes such an insignificant portion to the total outturn that 
any error from this source may be regarded as negligible. 

Table 1 shows the values of the production of minerals for 
which returns are obtainable. It has not been 

ductiom customary hitherto to include in this table 
such materials as building stones, road metal, 

and clay, since the returns are incomplete. To omit them altoge¬ 
ther, however, is even more misleading than to include the returns 
in their imperfect state, and as the value is not inconsiderable, 
the figures have been added to the table; they probably represent 
less than half the actual production of those materials. 

Table 1.—Total Value of Minerals for which Retu/rns of Production 
are available for the years 1913 and 1914. 

Mineral. 1913. 1914. Increase. Deerease. Variation 
per cent. 

Coal . 

£ 

3,798,1.37 

£ 

3,907,380 

£ 

109,241 

£ 

+ 2-9 
Gold . 2,291,917 2,338,355 46,438 + 20 
Petroleum . 1,034,.586 958,565 76,021 7-3 
Manganese-ore (a) 1,211,034 877,264 333,770 — 27-6 
Salt (6) m,U7 483,289 58,158 — 10-7 
Salti)etre . 200,803 272,462 71,659 + 36.7 
Mica (c) 347,451 237,310 110,141 — 31-7 
Building materials and 243,493 214,421 29,072 .— 11-9 

road metal. 
Lead and lead-ore 113,023 202,330 89,307 + 79-0 
Tungsten-ore 127,762 178,543 50,781 + 39-7 
Ruby, sapphire and r)5.542 43,133 1 1*2,409 -— 22-3 

spinel. 
Monazite . . , 42,012 41,411 , ,. 601 — 1-4 
Iron-ore 39,680 40,665 ' 985 + 2-5 
Jadestono (c) 24,09.3 40,092 i 15,999 + 66-4 
Tin-ore and tin . 46,401 38,203 8,198 — 17-7 
Silver. 15,338 26,896 1 11,668 + 76-4 
Zinc-ore 4,871 10,762 5,891 + 120-9 
Copper-ore . 8,660 7,294 ; ‘l’,366 15-7 
Garnet 1,288 4,806 : 3,618 + 273-1 
Alum 3,794 4,649 ' 865 4- 22-5 
Steatite 6,700 . 4,131 1 *2,669 — 38-3 
Chromite . 2,436 2,611 “l76 7-2 
Clay . 2,744 2,567 1 177 — 6-6 
Gypsum 1,071 979 1 .. 92 .— 8-6 
Diamond . 1,791 791 ! • • 1,000 

~ 
66-8 

(a) Value f.o.b. at Indian ports. 
(b) Prices without duty. 
(c) Export values, 

b2 
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Table 1.—Total Value of Minerals for which Returns of Production 
are available for the years 1913 and 19H—conixi. 

Mineral. 1913. 1914. Increase. Decrease. 
Variation, 
per cent. 

£ £ £ £ 

Magnesite . 4,77(> ; 4,219 — S8-3 

Corundum . 2.215 447 1,768 — 79-8 

Amber 29 274 245 .. + 844-8 

Platinum . 324 213 Ill — 34-3 

Agate 269 I7r> 75 ~ 30 

Ochre 019 1.57 762 — 82-9 

iSamarskite 
1 

121 114 

Bauxite 33 j 32 1 — 3-0 

Asbestos i 23 23 

Pitchblende ! ! 13 13 

Triplit/c 13 13 

1 
•• 

Total 10,174,616 9,940,934 
i 
1 
i 

, 40(>,818 1 640,500 
V- ^ ^ 

; —233,682 
1 

— 2-3 

There has been a small decrease in the value of production in 
1914 as compared with the preceding year. This is due mainly 
to the serious depression in the manganese market which has resulted 
in a fall in the value of production of over £300,000 or more than 
27 per cent. The production of mica has also fallen by nearly 
32 per cent., while petroleum and salt also show decreases of about 
7 and 11 per cent., respectively. On the other hand there have 
been considerable increases in the production of lead (79 per cent.), 
wolfram (40 per cent.) and saltpetre (36 per cent.), while the value 
of the outputs of coal and gold respectively have risen 3 and 2 per 
cent., respectively. 

The number of licenses and leases granted 
grantcS*^* concessions amounted to 363 as against 

495 in 1913, 
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II—MINERALS OF GROUP I. 

Chromite. Iron-ore. Manganese-ore. Platinum. Saltpetre. 

Coal. Jadeite. Mica. Ruby, Sapphire Tin-ore. 

Diamonds. Ltead-ore. Monazite. and Spinel. Tungsten-ore. 

Gold. Magnesite. Petroleum. Salt. Zinc-ore. 

Chromite. 

There was a slight rise, amounting to rather less than 4 per 
cent., in the output of chromite in the year 1914 over that of the 
previous year. As will be seen from table 2, the output both of 
Baluchistan and of Bihar and Orissa fell to a slight extent, but 
the increase in Mysore more than compensated for the loss else¬ 
where. 

Table 2.—Quantity and Value of Chromite produced in India during 
1913 and 1914, 

191,3. 1 1914. 

Quantity. Value. 
1 1 

1 Quantity. Value. 

Tons. £ Tons. £ 

Baluchistan .... 3.414 1,162 3,006 1,052 

Bihar and Orissa ... 848 452 652 301 

Mysore .... 1,414 
1 

821 2,330 1,268 

Total 5,676 ! 
1 

2,435 5,888 2,611 

Coal. 
There was a small rise of 1| per cent, in quantity, and about 

3 per cent, in value, of the Indian output of coal, which has now 
reached nearly 16| million tons with a value of £3,907,380. The 
pit’s mouth value varied from Rs. 3 in Central India to Rs. 9-9 
in Baluchistan, the figures for the chief coalfields, however, being 
Rs. 3-3-4 for the fields of Bihar and Orissa and Rs. 3-13-10 for 
those of Bengal. There has been a very marked rise in recent 
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There was a considerable increase in the output of the Bihar 
and Orissa fields, amounting to over 400,000 tons, but a decrease 
of over 225,000 tons in Bengal. With the exception of Baluchistan 
and Rajputana, all other provinces show an increase in output. 

The percentage of coal produced by the Tertiary coalfields to 
the total output was only 2*58; it was, however, a little higher 
than in the previous year. The chief Tertiary coalfield is still 
that of Margherita, the output of which rose from a little over 
270,000 tons to nearly 304,000. 

Table 7.—Provincial Production of Coal during the years 1913 and 1914, 

Province. 1913. 1914. Increase. Decrease. 

Tons. Tons. Tons. Tons. 
Assam 270.862 305,160 34,298 
Baluchistan . 52,932 48,234 4,698 
Bengal. 4,649,985 4,424,557 225,428 
Bihar and Orissa . 10,227,557 10,6(51,062 433,605 
Central India 148,978 152,906 3,928 
Central Provinces . 235,651 244,745 9,094 
Hyderabad . 552,133 555,991 i 3,858 
North-West Frontier Province 90 1 I 94 4 
Punjab 51,040 i 1 54,303 3,263 • • 
Rajputana (Bikaner) 18,781 17,211 

1. 
1,670 

Total 1«,208,009 110,464,263 487,950 231,696 

Table 8.—Output of the Gondwana Coalfields for the years 1913 and 1914, 

Coalfields. 

1913. 1914. 

Tons. Per cent, of 
Indian Total. Tons. Per cent, of 

Indian Total. 

Bengal, Bihar and Oriasa— 
‘ Daltongan j . 85,345 •53 81,680 •50 
Giridih .... 806,810 4-98 825,026 5-01 
Jherria .... 8,608,310 5311 9,146,653 65-65 
Bokaro-Ramgarh . 3,319 

1 -04 f 16,920 
} -16 llajmahal 3,572 i 8,145 

Raniganj 5,327,248 32-87 4,946,295 3004 
Sambalpur (Hingir-Ram- 42,805 •26 60,883 •37 

pur). 
Darjeeling District (non- 133 17 ,, 

act). 
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Table 8.~0utptU of the Qondwana Coalfields for the years 1913 and 
1914—contd. 

Coalfields. 

1 1913. 1 1914. 

Tons. Per cent, of 
Indian Total. Tons. Per cent, of 

Indian Total. 

Central India— 
Umaria 148,978 •92 162,906 •93 

Central Provinces— 
Ballarpiir 80,969 •50 89,292 •64 
Pench Valley 89,805 •55 95,679 •68 
Mohpani 64,887 •40 69,774 •37 

Hyderabad— 
Singarcni 562,133 3-41 665,991 

1 
3-38 

Total 15,814,304 9757 16,039,261 97*42 

Table 9.—Output of Tertiary Coalfields for the years 1913 and 1914. 

Coalfields. 

Assam— 
Makum 
Naga Hills 
Kh^i and Jaiutia Hills 

Baluchistan— 
* Khost . 
Sor Range, Mach, etc. 

North-West Frontier Province 
Hazara . 

Punjab— 
Jhelum . 
Mianwali 
Shahpur 

Bajputana— 
Bikaner 

Total 
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The total number of persons employed in the coalfields rose 
from 144,966 in 1913 to 151,376 in the year under review. The 
output per person employed, however, was smaller than it had been 
in recent years, having been only 108*76 tons. Altogether there 
were 170 fatal accidents, indicating a death-rate of 1*12 per thousand 
persons employed. 

Table 10.—Average number of persons employed daily in the Indian 
Coalfields during 1913 and 1914. 

Province. 

Number of persons 
employed daily. 

Output 
per person 

em¬ 
ployed. 

Number 
of deaths 
by acci- 
uents. 

Death-rate 
per 1,000 
persons 

employed. 

191.3. 1914. 1914. 1914. 1914. 

Assam 2,478 2,888 105*66 16 5*64 
Baluchistan 1,087 1,001 48*18 6 4*99 
Bengal 38,661 38,882 113*79 41 1*06 
Bihar and Orissa 87,452 90,855 117*34 78 •85 
Central India 1,593 3,038 50*33 1 •32 
Central Provinces 2,684 3,254 1 75*21 3 *92 
Hyderabad 10,028 10,141 1 64*82 24 2*36 
North-West Frontier 

Province. 
6 7 13*43 •• 

Punjab 892 1,161 46*77 2 1*72 
Kajputana (Bikaner) . 185 149 116*61 •* 

Total 144,966 151,376 170 *• 

Average •• 108*76 •• VIZ 

Diamonds. 

There was a further decline in the output of diamonds, which 
fell from 115*7 carats in 1913 to 54*65 carats, valued at £791, in 
the year under review. The attempts to work diamonds in the 
Madras Presidency seem to have been given up. 
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Table 11.—Quantity and Value of Diamondn produced in India 
during 1913 and 1914. 

1913. 1914. 

Quantity. Value. Quantity. Value, 

Carats. £ Carats. £ 

Central India 
Madras .... 

78-70 
37 

1,769 
22 

64-65 791 

Total 115-70 laoi 54*65 791 

Gold. 

The output of gold rose by about 2 per cent. The increase is 
chiefly due to the Aiiantapur mines in Madras, the output of which 
increased by nearly 9,000 ozs., the increase in the Mysore 
mines being about 3,000 ozs.; there was a decline of nearly 1,700 
ozs, in the output from the Myitkyina district, the dredging opera¬ 
tions at Myitkyina not being so successful as had been hoped. 

Table 12.—Quantity and Value of Gold produced in India during 
1913 and 1914. 

1913. 1914. 

Labour. 

Quantity. Value. Quantity. Value. 

Oz. £ Oz. £ 

Burma— 
Myitkyina 
Katha and Pakokku 
Upper Chindwin . 
Shwebo 

Hyderabad . 
Madras 
Mysore 
Punjab 
United Provinces 

5,329-77 
20-31 
43-45 

20,012-4 
11,019 

559,197-98 
134 

4-2 

20,412 
100 
255 

77,228 
43,194 

2,160,194 
617 1 

17 

3,636-60 
12-59 
46-60 
10-55 

21,200 
19,873 

662,356 
249*98 

6-76 

13,906 
67 

268 
66 

80,479 
82,959 

2,169,604 
994 

24 

1 169 

1,775 
2,038 

26,290 
470 

36 

Total 595J6111 2^91,f 17 607488*07 2,338,365 30,767 
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Iron. 
There was a further increase in the total amount of iron-ore 

produced, which rose from nearly 371,000 tons in 1913 to nearly 
442,000 in the year under review. Singhbhum increased its out¬ 
turn by over 50 per cent., whilst the outputs in Burma and the 
Central Provinces rose by about 8,000 and 15,000 tons respectively. 
The increase in the production of iron-ore in Burma was due to 
more active smelting operations conducted by the Burma Corpora¬ 
tion at Bawdwin. The output of iron and steel amounted to 234,726 
tons of pig-iron and 66,603 tons of steel including 45,659 tons of steel 
rails, the latter produced by the Tata Iron and Steel Company. 

Table 13.—Quantity and Value of Iron-ore produced in India durintj 
1913 and 1914, 

1913. I 1914. 

Quantity. Value. Quantity. Value. 

Bengal— 
Tons. £ Tons. £ 

Burdwan 8,928 1,278 1,204* 171 

Bihar atid Orism— 
Singhbhum . 98,196 10,898 161,662*3 15,083 
Orissa .... 247,081 23,125 249,958 16,674 
Other Districts 610 281 617 278 

Bombay .... •6 •76 I 
Burma .... 11,480 3,061 19,482 ! 5,195 
Central India 418 111 326*6 ! 59 
Central Provinces . 3,774 830 18,402 I 3,198 
Hyderabad . 249 66 1 
Rajpuianu .... 97*5 26 
United Provinces , 13 4 * 21*7 i 7 

Total 370,845 39M0 441,674*25 40M5 

♦ Docroase in output is due to the Ramiiagore Colliery areas being under water 
for part of the year. 

Jadeite. 
The condition of the jadeite industry in Burma is still far from 

satisfactory, although the output, which had fallen in 1913 to 3,281 
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cwt., was nearly trebled in 1914, rising to 9,925 cwt. The increase 
in quantity, however, was not accompanied by a corresponding 
rise in the value of the output, which increased only from. £12,780 
in 1913 to £12,976 in the year under review. This was due no 
doubt to the production of inferior material. On the other hand, 
exports of jadeite by sea decreased by 2 cwt. from 2,961 cwt. in 
1913 to 2,959 in 1914, while the value of the latter was £40,092 as 
against only £24,903 in the previous year. Evidently, therefore, 
the price of jadeite has risen very considerably, and the value re¬ 
turned for the output for 1914 shows either that the value was 
understated, or else that the material being won is so inferior that 
the industry will soon become too unprofitable to be continued. 
In .view, however, of the great rise in the export value, it seems 
more probable that the value has been grossly understated by the 
miner. 

Lead. 

There was a very marked increase in the output of lead-ore 
and slag from the Bawdwin mines in 1914, the output of ore rising 
from 3,939 tons in 1913 to 8,769 tons in the year under review. 
The amount of slag treated also rose from 16,360 tons to 24,901 
tons. The slag heaps left by the old Chinese miners are gradually 
becoming exhausted, and in a short time this source of lead will 
no longer be available. The output of ore however, has increased 
considerably, and ore-bodies of great size are said to have been 
proved. The amount of lead extracted was 10,548 tons in 1914 
as against 5,858 tons in the preceding year. The estimated value 
of the production of lead is based on the market value of that metal 
during the year, and the values given in the tables do not represent 
the pit’s mouth value of the ore and slag. These materials being 
treated on the spot, it is impossible to assess their value accurately, 
and it seems preferable to base estimates of the value of the output 
on the market price of lead. 

The Bawdwin slag and ore also yielded 236,446 ozs. of silver 
in 1914 as against 125,209 ozs. in the preceding year. 

In the processes of mining with Bawdwin ores a considerable 
amount of zinc-ore was recovered, the chief ore-bodies being com¬ 
posed of intimate mixtures of zinc-blende and galena. The figures 
showing the amount of zinc-ore won will be found on page 179. . 
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Table 14.—Production of SUver-leadrore during 1913 and 1914. 

1913. 1914. 

■ Quantity. 

. . .. 

Value. Quantity. Value. 

Ijead'Ore Lead-ore 
Silver. 

Lead-ore Lead-ore 
Silver. and slag. and lead. and slag. and lead. 

Tons. £ £ Tons. £ £ 
Burma— 

r 3,9391 49,374(/*) 10,686 r 8,769 ^ 27,346(d) 13,039 
Northern Shan ) (ore) ( S (ore) / 

States. ) 16,360 C 63,563(6) 4,763 ) 24,901 C 174,933(e) 13,867 
(. (slag).) C (slag)) 

Southern Shan 

i 
j 24*27 65 12 32 

States. 

Cetaral Pro- j 
vincea— 1 i 

Drug 
i 

■ i 
1*6 

i 1 
21 1 

1 
3-25 19 •• 

Total 20,324-77 
1 i 
ns,023 1 16,338(c) 33,685*25 202,330 

1 26,8 96{J) 

{a) Value of 2,661 touR of lead extracted. 
(b) Value of 3,297 tons of lead extracted. 
(r) Value of 125,209 ozs. of silver oxtrac^ted. 
(d) Value of 1,426 tons of lead extracted. 
(e) Value of 9,122 tons of lead extracted. 

j (f) Value of 236,446 oz«. of silver extracted. 

Magnesite. 
There was a very marked fall in the outturn of magnesite, which 

fell from over 16,000 tons in 1913 to a little less than 1,700 tons 
in the year under review. This was chiefly due to a decrease in 
the output from the Chalk Hills, which fell from 14,086 tons, valued 
at £14,153, to 399 tons, valued at £130. There was also a fall 
in the output from Mysore from 2,112 tons valued at £623, to 1,281 
tons valued at £427. 

Manganese. 

The manganese-ore industry has suffered from severe depres¬ 
sion during the year 1914, the output having fallen from 815,047 
tons valued at £1,211,034 in 1913 to 682,898 tons in 1914, valued 
At £877,264, 
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Table 16.—Quantity and Value of Manganese-ore 'produced in India 
during 1913 and 1914, 

1913. 1914. 

— d 

Quantity. 

Value 
f. 0. b. at 

Indian 
ports. 

1 Quantity. 

Value 
f. 0. b. at 

Indian 
ports. 

Tons. £ 
i 
1 Tons. £ 

Bihar and Orism— 
Gangpur 11,215 16,168 

1 
1 6,070 7,613 

Bornbay— 
Chota Udepur 
Panch Mahalfl 40,914 68,984 

1 
7,736 

19,488 
9,701 

24,441 

Central India— 
Jliabua .... 6,814 8,461 

! 

6,642 6,144 

Central Provinces— 
Balaghat 
Bhandara 
Chhindwara . 
Nagpur 

) 
I 219,139 
1 89,818 

78,583 
: 261,767 
1 

336,926 
138,095 
120,821 
402,467 

221,169 
82,056 
87,114 

174,562 

296,722 
110,090 
116,878 
234,204 

Madras— 
Sandur .... 
Vizagapatam . 

1 

52,169 
44,127 

62,385 
52,769 

.33,643 
26,376 

29,858 
23,408 

Mysore .... 10,501 13,958 18,055 18,206 

Total . j 816,047 1,211,034 682,898 877,264 

Mica. 
During 1914, the outturn of mica was about 5,000 cwt. lower 

than that during the previous year, while the value of the output 
fell from over £115,000 to £88,000. The chief fall was in Madras, 
where the output fell nearly 50 per cent. On the other hand, 
there was a slight increase in the output of the Koderma mines 
in Bihar and Orissa; the increase in output, however, in that pro¬ 
vince was accompanied by a fall in value of about £16,000, while 
the total amount of mica exported fell from 62,474 cwt. valued 
at £347,451 in 1913 to 40,502 cwt. valued at £237,310 in 1914, 
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Tablk (ihd Value oj Mica produced in India during 

VJi:i and 1911. 

11)14. 

V ahio. 

j 1 t* 
1 

(’\et. i 
Uiliar ana (ti issa .1 •*„/,«? U) i ii2, .024 :i:{,27.*') i 4(>,79(> 

Mae Iras . 1 11,200 1 47 ,404 ri.osor? 1 :U),140 

Rajputaua , i I.ana ,102 1,102-1 ! 4,068 

Mysore? 100 .70 1 18() 

Total . 1 45,761 llo. .•72.9 40,506*6 HHM90 

Monazite. 
The ()\it])ut of moiiazit(' from Tnivaricoro State was 1,185-65 

tons valiu‘(l at. Ii 11,111 in 1611 as against. 1,264*75 ions valued at 
£424)12 in 1916, 

Petroleum. 
It is very rarely that we have to record a fall in the output of 

petroleum, whieli ros(‘ from 1 million ualloiis in 1904 to over 
277 million in 1916. In 1911, howevtu*. ])roduction fell to a little 
oviu* 259 million uallons. Th(‘ output of 1916 had marked a very 
considerahh* increase' on all ])r<‘vious years, while* the output for 
the* vear uneh'r revh'W is still mein* than 10 million <j,allons hi<i:h(*r 
tlian that for the ye'ar 1912. The* tv)tal value* of tin* output for 
1911 was t958,565 as aaainst £l,e)61,5H(> in 1916. Thi*re was a 
consideiahh* elccrease* in tin* output Irom the Yenanyyaunu ti(‘hl, which 
fell fi(MU over 20(1 Fiiillion uallons ii! 1916 to about 175 milliuii gallons 

in the year under review On the other hand, there was an in¬ 
crease of about 10 million a^^bons in tin* output of the Sinuu field, 
while* both Ye'iianuyat and Minbu show ce)nsiderable decreases. 
The output of tin* Diuboi tields in Assam was almost exactly the 
same* in 1911 as in the* j>rec(*dinu year. l^ecent prospecting opera¬ 
tions in the Punjab have* n‘sulte*d in the discovery of what is believed 
to be a promising held i?i the neiuhbourhood of Pindiuheb to the 
north (»f the Salt Eanue*. Hitherto all attem})ts to ex})loit oil in 
th(‘ Punjab have been unsucce.^sful, owina (‘hiefly to the unfavour¬ 
able structure and disturbed conditions of the Tertiary rocks. 
The structure* of tin* Fbndiuheb area, however, is said to be hij^hly 
favourable to the retention of oil. 



Part 3.] Hayden : Mine ml l^mdiict iniu VJ)4, lT;i 

The amonnt of paraffin wax exported rose from 272,22(> (‘wt. 

valued at £401,857 in 1913 to 3(‘)2,r>78 cwt. valued at 11,53^,710 ju 

the year under review. 

Table 17.—Q^ianlity niid Value oj Petroleum prod need in India dur- 
ing 191'] and 19IL 

UH:?. ion. 

QuM.iililN. j 

_1 

Valim. (iliiant i( \. N’iOno. 

tialkm.s ! r (iallcms. 1‘ 
Burma— i 

Akyjil> . 11,02:1 1 270 12,0 IS 210 
Kyfcukpyn ; 2<),:>;^1 S21 2r).0S7 777 

; iMiojVK'i.aos 771.0(12 171.OS 1,70!) ! (i7:{,;72r» 
My'n;.^v;ui (Sij.uii) . ! trr.vis.Tio 21 1.S20 7:’»,ioo,.‘>is 21 l.(l‘)S 
Pakcikkn (^ iMiiinuN at) 20,721 i..7i(i.(isr) 1(1,72!) 
Minim . :kms,:ni ! i:i,22(l l.iis:ki!»o 7,012 
'Vlia\ ntinyrt :io,2io KiS 22.S.2(i , !)0 

A ssa ni - 
(Lakliimpui) . ‘ ‘1,<iSS,(»2S 1.7,4(10 4,(1SS,;717 l;7.4(iO 

Piivjah— 1 
Minnwa-li . . . 1 

1 
1,200 12 1,200 12 

Total 277,555,225 ^ IJ)rtS>se> 259,342,710 <jr>s rui ’t 

There was a e()nsi(i(‘rable inereas(‘ in the imjxuts of l<(*ros(‘ne 

into India during llie year, the total h(‘in,u iu*aily 81 million uallons 

as auainst only ()(> million uallons in 1913. 

Taiu.k 18.—Iwporti^ of Kerosene oil during and lUtl. 

1013, 1011. 

(^liiant it y. N'alitc. (yu:i,nt il \ . I \'alu(‘ 

■ 

(lallons. " Callons. 1 

From- 
Born(‘o .... 1( 1.00.7,24 S 420,SS!) :'0.!)(;o.(ii2 ! 001.242 
Persia .... 2.710,4.7S S,7,S.7.7 2,707.OS ) ' S 1,227 
KoiiinaTiia I,4l2,0:i0 20.1.71 
Kiist-ia . ... 1,024.221 ]22,S20 1,0()I,S70 42.002 
Straits Scttleinonls (in- 2,001,404 70,ISO .7,.7.7:1,2 (IS 147.1S2 

elwOing Lalman). , ' 
United States. :t7.202.0S 1 1,0 IS, 122 40,021,011 , 1,:5»S,2:72 
Oihci’ Countries ' 2.72,0;71 

1 
0,20!) 42S ' 1.7 

Total 66,759,805 y„vrr.',.9.os 83,879,534 j 2,267,6792 



174 l{rror(ls o/ the (uologuutl Sarreij of Ittdta, XLV. 

Platinum. 

30 00 ozs. of ])latinuni, valuod at £213, were won diirint> the 

course of t]i(‘ ^^old dredging o])erations at Myitkyina. This con¬ 

stitutes a decreas(‘ on lh<‘ outturn of the previous year, which was 

r)7d)8 ozs. valued \\i £321. 

Ruby, Sapphire and Spinel. 

The output f)f tJie [^uhy Mitres sljows a slight increase in quan¬ 

tity. but a consicl(‘ral)l(‘ fall in value. As will lx* seen from Table 

11), tin* weight of rubi(\H wmi f(‘ll by about HtoOO carats, while there 

was a. ris(‘ of nearly 3b,b()() carats in the output, of sapphires. 

Tablm lb.—(fmutihf and Vfdur oj Htdoj, Sapphirr and Spinel pro- 

dnevd in India dftnnff Ifll-} and U)[I. 

\\m. 1914. 

— ' -- - — 

Vahu\ Quantity. Value. 

U( rmn — 

i 
(Ur.tt.s. . £ (s. £ 

M(»ii;ok ... ! 2u:i.02:> , 
j (U)iluo'<) 5 

50,944 i9:i,:i:i:i 
(Kn Imos) 

40,781 

1)<.. 
: (Si«])j»liiroO 

4,028 50,709 
(Sa])])l)ijvs) 

2,052 

On. . . . . ^ r.a,42s 
! (S]nnHs) , 

570 54,890 
(S|nn''ls) 

m) 

Total ' 278,706 1 5J,5/2 304,P72 ■i:uizz 

Salt. 

Ther(‘ was a slight decrease in the outjuit of salt, which fell 

from 1,473,18(1 tons valued at £511,447 in 1913 to 1,348,225 tons 

valued at £183,289 in 1914. The outturn of rock-salt amomited 

to lot).550 tons. There was also a decrease of the imports of salt, 

which tell from 590,431 tons to 502,018 tons. Imports from 

tlu‘ Tnitcd Kingdom tell by nearly 40,000 tons, from Germany by 

20,000 tons, from Asiatic Turkey by 10,000 tons, and from Spain 

by 5,000 tons. On the other hand, theie were appreciable rises 
in imports from Aden and Egypt. 
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Table 20.—Quantity and Vahie of Salt 'produced in India during 

im and 1914, 

19i:l 1914. 

Quantity. V'aluo. Quant ity. Viiliic. 

Tons. £ T(ms, € 

Aden . 17:L908 69.402 114,463 57,63t» 

Bonsai. i>r» 4 6 

B<unbay and Sind 467.578 109.877 486,898 1 13.453 

Burma. 30,109 102,034 21,522 75.531) 

Gwalior Staio i 114 310 99 271 

KaHliinir 73 46 73 ! 55 

Madras .348,287 115,292 298,862 ' 115,494 

Nortlioru India 453,095 144,182 :i9t>,302 120,842 

Total 1,473.189 1,348,325 ■m,2so 

o 

Table 21.—Quantify and Value o/ Rock Salt ]>ri)duccd in India 

during 1913 and 1914, 

191.T ' J914. 

Quantity. V'alue. ; (^uant ity. V^duo. 

'Ions. 
1 

£ 'rolls. £ 

Salt Range .... 138,542 17,775 135,519 19,113 

Kohat .... 19,099 1,896 18,239 1,810 

Mandi . . . . . ' 3,542 4,218 2 792 3,325 

Total 161,183 2'{.SSf) 156,550 24,2iH 
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Taulk 22.—Quantity and Value of Salt im'ported into India during 

im and 1914. 

1913. 1»14. 

1 

Quantity. V rtlue. 
. 1 

Quantity. I Value. 

Ton.s. i‘ Tons. £ 

''rnin 

A(l<iu jtiul 1 12t.9ns 115,955 153,1(13 j 140,790 

I'Vyi’' Hti.Hri.'j 82,299 93,775 ; 
i 

100,203 

iMMMiany 55,121 r»5,i2:i 35,014 
1 

40,174 

Spion 7:t,5U 08,273 ! 

i 
04,538 

'rurkc'S, Asiah<‘ ' 72,2()(i iia,92n 
1 

02,255 00,890 

LImtod Kmmldtn 110,72S i U0.I92 103,038 101,395 

Otlior rovintiic'.M :5:i,()()9 40,.500 42,299 

Total 590,431 PilOJ.-u 1 562,018 ' 55(9.355 

Saltpetre. 

Tlu* Jiinouiit of saltpotro j>io(luml in India during the year 1914 

was nearly 15,.‘)()() tons valued at over t272,(KM) as aj^ainst a little 

le.ss thaii 1 l.otxi tons valued at over £2(MMHK) in 19111. Tliis shows 

an iiuTease of nearly 116 |)er cent. On the other hand, the exports 

d*‘ereased from 10,2:15 tons in 19i;i to 11,157 tons m the year 

vLiider review, the decrease in value being over £4,500. There 

was a considerable change in the distribution of the exjuuts, nearly 

hall of th(‘ total ((uantity going to the United Kingdom, thus con¬ 

stituting an increase of more than 100 per cent, on the amount 

taken by that country in [uevious years. There was, however, 

ccmsiderable decrease in the exj>orts to C'hina and to the United 

States, and a slight decrease in those to Mauritius. 
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Table 23.—Quantity and Value of Saltpetre produced b\ India duriiaj 

1913 and 1914. 

1913. 1914. 

Quantity. Value. Quantity. V5vlnc. 

Tons. r Tuns. £ 

Biliar. 5,342 71,844 4,890 7(».910 
Bombay (C'litcli) 3 20 1 11 
Conirul India 24 208 

North-West Frontier Province 7r> 247 51 

Punjab ..... 2,lh{4 50,43.3 7.3.101 
Rajpiitana .... 3(>3 3,197 405-9 1.232 

United Provinces . 5,758 08,848 0,004 117,818 

Total 14,46P5 ■ 5,489-1 2;2.p;2 

Table 24.—Dutrihuiion of Saltpetre exported duriny 1913 <iml mu. 

1913. 1911. 

% 
QuantUy. Value. Quant il v. V'lllM'. 

Cvvt. £ (.\\ 1. £ 

(Jevlon ..... 43,813 .30,177 44,085 28,071 

China ..... 80,574 05,277 49,200 10,305 

Mauritius and Dependencies 38,200 27,714 2.3.4 Oti 17,778 

United Kingdom 50,430 44,051 125,918 111,070 

United States of America 50,920 40,149 19,10.3 15.0t)0 

Other Countries 34,755 29,013 21,2118 19,987 

Total 304,692 237,581 283^36 232.910 

Tin. 
While the value of tin and tin-ore produc'ed in J^urnia fell from 

over £46,000 in 1913 to a little over £38,000 iji the year under re¬ 

view, there was a small increase in the iniports durinji, the same 

period. Owing, however, to the lower price of tin in 1914, tlie 

value of the quantity imported in that year was nearly £80,000 

less than that of a similar quantity imported in the preceding 

year. 
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There lias Ijoen an increase in the amount of tin-ore produced 

in the Southern Shan States. The chief producer, however, is 

still the Ttuiassefini Division, Meri-ui and Tavoy contributing more 

than tlire(‘-lourtlis of the total production. 

Sk—Quantity and Value of Tin and Tin-ore for llte years 

1013 and JOJL 

1 lau. 

1 -- - - - - 

Ulock Tin. ! 
- " . 1 

'JTn-okk. Block- Tin. Tin -ORE. 

'Quail* \’aluo. v,ilue. 
Quan- 

Value. iH?"' Value. 
' tit}. tit}. tity. i tity. 

i (-Svt. Cwl. £ Cwl;. £ C\vt. £ 
1 

lithar (fH(/ (U isHu ■ i 
1 ; 

ila/.arihajLili . 1 17 1 10 : .. 
■ 

lluniui 1 i 
Mcrjifm . . 1 lit,111) 1.717 7,70:i I i,‘)();i 1(1,; 1,8(11 0,203 
Stuit luTti Sliaii 1 .. l,t37.j .'IStU 1 ! . . 2,707 1 H,093 

Stat(‘s. 1 
'I’avoy , . [ H.-J71) 21 122 

i ■“ 
.. ' 7t)7 3,090 

Total . 3,651 
i 
i ...y. 3,413 

1 
1,964 i 16,2J/ 5,395 21,952 

Taiu.k 2h.—hnports of Tin, unuroiaflif (hloci 

sl(d)s), info India duriny 1013 a\ 

l’*’, immls. bars and 

ml U)U. 

-^-1 

1 I'lia. 1 1914. 

Qiianlil}. Value. Quantity. Value. 

VwU : £ CHvt. 1 £ 

ri ulu rTiilt'd Kiiigdiuii . 0,330 59,042 5,113 40,800 
,, (Straits Sottl-‘m«‘nt.s (ni- 3r>,209 :{7i,r>32 35,340 312,318 

chuliui; i.alman). ; 
„ ether t ountries 9.) ; 1,057 254 1,969 

Total 40,6i0 ; 431,t>3J 40,707 355y(m 
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Tungsten. 
The output of wolfram iu Burjua iom* from 1,(;88 tons valued 

at £127,702 in 1913 to 2,320 tons valued at £178,5-13 in the year 

under review. Had it tiot been for tom})oiary disloeation of the 

arrangements for disposing of ore during tlu* latter part of last 

year, the output would probably have been corjsich'iably higher. 

The industry, however, subsequently recovered itself, and, owing 

to the demand for wolfram for the manufaeturt* of tm^osttm-steel, 

the year 19]5 should be an (^\trem(*Iy ])rosp(‘rous one* so far as tliis 

industry is concerned. Th“ greater ])art of the output com(‘S 

from Tavoy, while Mergui shows a slight falling olT. and the Soutlnuii 

8han States (MaAvchij a. slight incn^asc'. A n(‘w s(-uic(‘ of wol¬ 

fram appears for the first time, Tliatoji distri('t to the north 

of Tavoy, whence 17 tons uer(‘ obtained. 

Table 27.— (Juan/f/ff and Vidue oj Tnnifsfvn-otr produced in Barnni 

durinif 10 to and 101L 

1 
191:5. i!n4. 

(Quantity. 
i 

V.mIiic. it V. V'alue. 

i 

— 

i ■ ! 
I Tonn. ! 

i 
A Tons. , r 

Mergui .... 29r>-r> 1 17,092 191 10,047 

8outhorn 8haii states 8:5*7 i:58-4 1 8,993 

Tavoy .... J.:599 104,809 l,970r> 152,.3:5:5 

Thaton .... 17 57') 

Total 1,688*2 ! 
i 1 
1 2,326 7/V,7-/4 

Zinc. 
The Burma Corporation produced from their Bawdwin niincs 

8,553 tons of zinc-ore valued at £10,702 as agahust 3,871 tons, valu(*d 

at £4,871, produced during the year 1913. The ore is found iu 

association with galena in the Bawdwin mines, large* ore-bodies 

being composed of the latter mineral and zinc-blende. 
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III.^ MINERALS OF GROUP II. 

101 tons of agate, valued at £175, were won 

in the Kajpipla State during the year. 

There \vn,s a wli.Liht rise in the outj>ut of alum from 7,842 cwt. 

valued at £3,794 in 1913 to 8,731 cwt. valued 

at £1,()49 in the year under review. Nearly 

IIm' wiiole ()1 tliis oiOput was derived from the Salt Range. 

Tlie ()\itput of amber was still insignificant, being only 13 cwrt. 

in 1911 as against JO cwt. in the preceding 

v’(‘a]-. The (piantity however w^as better and 

tlM‘ value was £271, or about £21 per cwt., as against £29 or rather 

lesvs I hail £3 jier (wt. 

A small (|uantity (about b tons) of asbestos was won in the 

^ ^ llassan district of Mysore, but the total out- 
A>be.‘to«. , , •' ^. 

put was valued at only £23. 

bit tons of l)auAit(‘ were ])rodueed as against 1,184 in the previ- 

, oils year. The value, however, was esti- 

mated at only £1 less, r/c., £32 as against 

£33 lor till' larger (juantity. Bamxite is used in the manufacture 

of ('enient at. Katni. 

I'he valu(‘ of buil(lmg-stom‘ and road-metal produced during 

^ tin- year 1911 was £214,121 as against £213,493 

111 t he previous year (see table 28). I hese hgiires, 

howrNer. onls represvmt a fraction of the total output. It has 

been bamd impossible to obtain reliable ret-urns. 

44ie production ol clay is returmal at 54,710 tons valued at 

£2,-5(>7 as against 47,122 tons valued at £2,744 

in 1913. The ligures are very incomplete, and 

probably do not ie[)resent even the twentieth part of the total 

juodin-tioii. 

0,321 tons of cu{)j)er ore, valued at £7,294, were won during the 

Copper against 3,810 tons, valued at £8,650 
during the preceding year. Almost the whole 

of this came Iroin the Cape Cojiper Com])any\s mines in Singh- 
bhum. 

I here w«is a marked fall in the outjuit of eorundum from 8,924 

Corundum £2»^15 in 1913 to 2,360 cwt. 
valued at £147 during the year under 

Buildini; 

Corundum. 
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The of garnet increased considerably fronm 334 cwt. 

valued at £1,288 to 21,900 cwt. valued at 

£4,800. Of this quantity Madras produced 

21,110 cwt. valued at only £404, whereas the Kishen<>:arh State 

pi*o(luc'('d nil cwl. valued at £4,333. The latter State is the chief 

sou]C(‘ iA the uariict used in the manufacture of cheap jewellery in 
India. 

Th(^ output of ^yj)suin was much the sanu‘ as in the precedin/]^ 

year, beirm 22,208 tons valued at £979 as 

against 24,901 tons valued at £l,07i 

The ])ro(luction of ochre has fallen veiy considerably in recent 

years and the output now is quite insignifi¬ 

cant, being only 008 tons valued at £157 dur¬ 

ing the year 1914. The output during the previous year was 5,007 
ions valued at £919, 

A small quantity of ])itchblende was won from the Singar Mine 

in the (laya district. The total amount, how¬ 

ever, was only 10 lbs. valued at £13. 

43 cwt. of saniarskite, valued at £121, were recovered as against 

3 cwt. valued at £7 in the year 1913. This 

comes from the Nellore mica mines. 

Tht're vas a very marked decrease in the production of steatite 

during the year under review, the total output 

being only 999 tons valued at £4,131 as against 
2,524 tons valued at £0,700 in the preceding year. The decrease 

was most' marked in Karniil in the Madras Presidency and in Hamir- 
pur in the United Provinces. 

Pitchblende. 

Sa^1a^^kitc. 

Steatite. 

Ta33le 29.—Quantity and Yaluv of Steatite produced in India durimj 

im mid im. 

— 

1913. 1914. 

Quantity. | Value. Quantity. ! ViUue. 

liihor aud Orissn— 
Sinuiibh\m) 

Tons. 

800 

j i 
£ 1 Tons. 1 £ 

160 ; (a) ! 400 

Soraikela 190 9 : .. i 

Mayurbbanj . 66 200 ! 60 : 173 

(a) Quantity not returned. 
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Table 29.—Quantity and Value of Steatite produced in India duriny 

1913 and 1914—contd. 

1913. 1914. 

Quantity. N'aluc. Quantity. \5dur. 

Caiiral Provinces— 

Jubbulpore ()(>l 378 502 129 

Bydeiabad (<0 12 
■■ 

J\J (ulras— 

Bollai y .... 14 1 25 ►> 

KurnooJ 545 4,430 210 1,570 

Nclloro .... 20 

‘"I 

()0 715 

UttiU d Prorluces— 
i 

1 

Jlaiiiirjuir 200 i.:‘>3r> ! I2t^ 1 744 
1 

Jliaiiri .... 28 J17 22 j 92 

Total 2,524 
'i 

6,700 i 999 f,J3J 

{<i) Quantity not returned. 

A small quantity—10 tons valued at £13—of triplite was pro¬ 

duced dining the year iu the neighbourhood 

of Shigar in the Gaya district of the province 
Triplite. 

of Bihar and Orissa. 



184 Records of the Geological SuTvey of India. [VoL. XLV. 

IV.-MINERAL CONCESSIONS GRANTED. 

Table ‘M).- Stotcwent of Mineral Concessmis granted during 1914. 

ASSAM. 

IMSTIUCT. (iLiiitrc. 

i 

1 
] 

Miiiiiul. 
Natme of 

grant. 
A lea 

in acres. 

Date of 
cominonce- 

iiient. 
Term. 

KliiiHi •iiul .lulu- 
liu 11 ills. 

(1) Mr. K. D. . Hold ami (•(‘rtuiii 
otlnr allied 
mincrala. 

P. J., 12,7(14 14 th April 
1U14. 

1 year. 

ill). (11) Do. Till and wollrain . 1’ L. 
(renewal). 

12,704 ; Do. Do. 

Do. (.{) Do Cold, liii and < (T* 
tain ntliri alllnd 
iitincrals. 

P.X. 
(renewal). 

8,100 1 Do. Do, 

Do. (4) TiiL' Sohh <V 
Co. 

Mim-ral oil . I‘. 1.. 7,040 ' Blst October 
1913. 

2 years. 

Laklumpur ([>) AHsaiii Oil Cn.. Mil. Oil . 1*. 1.. .'),f)40'0 j 12th Januarv 
1914. 

1 year. 

BALUCHISTAN. 

K lilul (0) D. (’ \Shi«luim, 
Kwi , lU’nrofti^nUitiM' 
iu IikIih tlio itiiniiH 
Dll Co. 

i)d . 1'. L. 0 ditlercnt 
areas mea¬ 
suring 
400,040 acres. 

18lh Decem¬ 
ber 1914, 

1 year. 

Do. . (7) Miun MoIuuikU Ih- 
mull ol Quetta. 

Coal M 1.. 80 Ist January 
1914. 

30 years. 

JLoralai . (8) K. S. AlHluila Angar 
AUi. 

Do, . M. J., 80 1st January 
1915. 

Do. 

iiuottu . 
i 
1 (B) Mian Mohaiiieti D- 
; niuil of (Dietta, 

Do M. C 80 1st January 
1914. 

Do. . I (JO) Do. Do. . 1 M. 1. 28-40 jRt July 
1914. 

Do. 

Sibi (11) Ktiuii Haliadur 1C 
i D.pRtcl.C.J.i:. 

1.0. . . , M. I;. 80 Do. Do. 

Zliob . (Dl) Do. Chromite . M.L. 80 Ist January 
1915. 

Do. 

BIIIAE ANI) ORISSA. 

HazarlbaKh (IB) Aiiuuga Baiijnii 
Chaturji. 

Mka . M. L. 70 9th Septem¬ 
ber 1913. 

30 yours. 

Do. . (U) Dahl) Luktthmi Na* 
rain buklmui. 

Do. P. 1.. 80 28th August 
1914. 

1 year. 

Do. . (Ifi) Meanrs. !•'. P. Chns- 
> tieii A ((1. 

Du, P. L. 17223 loth Septem¬ 
ber 1914. 

Do. 

P. L.~ Pro»p$clini/ M. L.siJdwum Letut. 
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BIHAR AND OUmA-concld. 

185 

Bistriot. Grantoo. Mineral. Nature of 
grant. 

Area 
ill acres. 

Date of 
eoinineneejnent. 

1 
I Term. 

llazarlbagh (10) Sardar Oovlnd Singh. Mica P. 1-. :J2U l.lth October 
1014. 

^ 1 j'car. 

1)0. (17) Balm Lachmi Na* 
rain Shroff. 

Do. M L. 0 1.5th Septeni' ' 
her 1014. | 

:10 years. 

1)0. (18) Babu Sarada Pra- 
sanna IVlajuindar. 

1)0. M. L. 120 27th Noveiii- I 
herlOU 1 

Do. 

Sambalpiir (10) Mr. Thomas Pros- 
slck Yeoman. 

(‘oal P.L. 
(renewal) 

l.:;oo 27Ui Novem¬ 
ber 101:1 

1 year. 

Santal Parganas (20) Binode Biliari De . | Do. M. I, 2 1st Pehninrv 
1014. 

) ears. 

Singh bhuiu (21) Babu Kiisluia j 
Chandra Dc ol Galfiiitta j 

Mangaiie.s(‘ . P. 1. 
(renewal) 

2100 181 li Jiilvj 
lOl.l 

1 yeaI. 

J)o. (22) Mr. L. V. K. Pugh 1 
idCahutta j 

Chromite . P. L ;{,i;{0 rdh .lime 1014 Du. 

Do. (2:1) The Indian Manga- 1 

iipse Co., lid., Nagpur I 
Mangaiuse . P 1, J2l os i:ith Mav 

1014 
1)0. 

Do. (24) Hai Srinath I’al j 
Bahadur of Calcutta. 1 

Do. P. 1 1,020 01 h Novem¬ 
ber 1014. 

Do. 

Do. (25) Mr h. hiuman Bao 
Nuidu ol Nagpur. 

(!hromite . I', h. 1,02] IH i lOlh October 
1011 

Do. 

Do. (20) Do . Do. P. L. 027 Do Do. 

BOMBAY. 

Panoh Mahals . (27) Tlic llatiiaiikiia 
MaiiKiiiaw* (’(>.. lal. 

Mansam'sr I*, h. .VIO ' 1st .luimary ! I 'rai. 
: I'.Ml ' 1 

BURMA. 

,\mherst . j (28) Mr. S. K Soldinon . ■ All mmeraD (e.\- 
ee[if oil). 

J 
1 

2,240 ' 2:{nl .lamiarv 
1!)I4 ' 1 

1 

1 .tear. 

Do. . (20) Mr. L. Sisman . | Do. P. L. 
(reiuuMil). 

040 loth .lime { 
1014 I 

1 

Do. 

1 

Do. . (20) Mrs. M. M. 111a i 
Oung 

Do. P L. 
(reni'wal). 

2,880 ' 28th July 
j 1014. 

Do. 

Do. . (:jl) Mr C. K Paw . j Gold, silver, tm, 
eo]»per, wollrain 
and antimony. 

P. L. 
(renewal) 

0(50 

i 

Hth November 
1014. 

Do. 

Katha . (32) Maung Nyo . liCad and silver . P. L. 
(renewal). 

i»)0 
I 

;^Hh .March 
1014. 

Cpto 3l8t 
Decem¬ 
ber 1014. 

Lower Chiudwin (33) .Messrs. The Buriua 
' Oil Co., Ltd. 
1 

Mineral oil . 

1 1 (ruicwal). 
1)60 Isi May 1014. 1 year. 

P. L.-= Prospej'ting LUtemuf. M. h.—Mining Tjenie, 
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BURMA—«)»<(?• 

DirtTBKT. Dianfcr. Mineral. 
Xatiire of 

grant. 
Area 

in acres. 

Date of 
1 comniencc- 
i ment. 

; Term. 

Lowi r uiiindv^tM (:D) Maliomi'fi ID^fin 
ami .lanial Pros. A' Co. 

All niinerala (ex¬ 
cept oil). 

P.L. 
(renewal). 

1,440 ! Ist August 
: 1914. 

, 1 year. 

! 

Mapv<* . CJ")) .MfSHrs. Thd Imlo- 
Durtiia iVlrolcimi Co, 
Ltd 

Mineral oil . 1*. L . 1,280 acres 
(lUoeks 3 S. 
and 4 S.) 

1 24th January | Do. 
1014. [ 

' 

l»o. . (:{($) Do Do. P. L. 1,280 aiTcs 
(Blocks 5 S. 
and 6 8.) 

14th Kubruar) 
1914. 

1 

1 Do. 

Do. . (.17) Do. Do. P. L. 1,280 18th March 
1014. 

j Do. 

1)0. . (:t8) Do. Do. P. L. 
(renewal). 

040 12th Novem- 
. hiT 1913. 

Do. 
1 
1 

no. . (;{•)) Ma Kin 1.0 . Do. J*. L. 
(reiKiwal). 

383 7th November 
1913. 

Do. 

Do . (4(1) Tim ISiinna (Ml Co., 
Ltd 

Do. P. L. 
(renewal). 

2,24(1 19th Feb¬ 
ruary 1914. 

Do. 

Do. . (11) Muling I’o Tun Potroh iiin . P. L. l,r)20 1 Kith Septom- 
[ ber 1914. 

Do. 

MiuuJiilay (4-i) ,Mr, V II Carrv Copper, lead and 
other minerals 
(ixeept mineral 
oil). 

P. L. 040 61 h February 
1914. 

Do. 

Mriivtila . (i:i) Mr. K, Sindh . Wolfruiu . P. L. 
1 

3,200 7th Man-h 
1914. 

Do. 

Mcrpiui . (14) lunm- and 
1 Kelt. ! 

.Ml minerals (e.x- 
i eept oil' 

P. L. 43re20 29th .lanuary 
1914. 

Do. 

Do. . i (1.-/) Do . , ; 1 Do P L. . ' 1,335-32 i 3rd January 
; 19H. 

Do. 

D(» . , (In) Maiinp Shwo'I'lii . Do P. L 81 (id 18th Fehrnary 
i 1914. 

Do. 

Do . : (17) Do Do P. 1,. 8.52-48 Do. I.to. 

Do . 1 (1.^) M I’i. ItliMiioali Do. P 1. 
(renewal). 

2.13.5(14 9th Fehruarv 
, 1914. 

Do. 

Do. . (4d) .Mannt' Sluu' 1 Do. P. L 
(renewal). ' 

l,42.3-,30 I Do. Do. 

J)o . (.^id) C. Soo Don . Do. P. T.. 1 
(renewal), j 

381 44 ! Do. Do. 

Do. . 1 (.’tl) IhniK' and 
j Uoit 

Do P. L. i 
(renewal). , 

.547-84 29th January 
1914. 

Do. 

Do. . . ' (f.'i) Do . Do. P. L. 
(renewalj. , 

2.8(i2-08 Do. 

1 

Do 

Do. . . ' (.T)) Mining Shwr Viiitt Do. P. J.. 
(renewal). 

2,406-20 Ist November 
1913. 

Do. 

Do. . . 1 (.'^DCNoDyl . Do. P. L. 
(renewal). 

3,000 6th December 
1913. 

Do. 

l>o. . (:*r)) Muunii Shwo Vaitt Do. P. L. 
(renewal). 

2,304-00 21st Decem¬ 
ber 1913. 

Do. 

P. h,-Prospecting Ucense. M. L.=:Mining Jmsf. 
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BUEMA—con<(Z. 

187 

Distkict. (irantw. 

1 

Mineral. 

i 

Nature of 
grant. 

' 

Area 
ill acres. 

I Date of 
ennimence- 

nieiit. 
Term. 

Mcrgui . (50) Mauiig Shwe Yaitt All mineral, (ex- 
cejit oil) 

V. h. 
(renewal). 

714 5(1 21st J)eccm. 
Ih-i 1013. 

1 year 

1)0. . (f)?) Jrauna J’o Dyi Do. J*. L 
(renewal), i 

3,1.5!l-()4 12tl» Feb- 
riiaiy 1014. 

Do. 

Do. . 

Do. . 

(r)8) Lini Aw Kyi 

(.V.)) U rthwc I 

Do. 

Do. 

1*. 1. 
(renewal). ' 

1*. L. 

207 :{»; 

:iM!) 12 

24th .Tide 
Jill.!. 

1311i .lime 
1014 

1)0. 

Do. 

Do. . ((iO) Mr. Ilnnd Do. 1*. L. 125-44 ntli Mav 
1011. 

Do 

J)o. . (()l) M*'Ksr8. Kdirodt'r 
Siiiidt A' (!o., Idd. 

Cold . 1*. L, 1,t54 08 ' J2tli .lune 
1014. 

Do. 

Do. . {(ii!) Alauii'f Sliwe Don . All minerals (e\- 
cept nil). 

1*. L. 
(renewal). 

79;5-()0 , 0th Kehniarv 
1014. 

Do. 

Do. . ((W) Mi'snrs. Euino and 
Keif. 

Do. 1*. J,. 
(renewal). 

].'!:{()-:{2 ' JOtli Nov em¬ 
ber 1013 

Do. 

Do. . (d4) J)o. Do. P. L. 
(renewal). 

1,.518-08 ' Do. Do. 

Do. . ((i5) Muunu M va . Do. 1*. L 
(renewal) 

1,80'.r!>2 , lot h February 
1 10 u. 

Do. 

Do. . (0(1) Mr. .T. Kinlo<;li Do. r. 1,. 
(renewal). 

1,03!) :to 20th Alare,h 
1011. 

Do. 

Do. . (07) Maiiiifi 1*0 Tliaik . Do. I*.L. 
(renew!! 1). 

814 08 21st March 
101 1. 

Do. 

Do. . (08) Do. . Do. 1*. L. 
(reiK'wal). 

l,7()()-40 Do. 
1 ' 

Do. 

Do. . (09) Mining Saw Maung Do. 1*. L. 
i (n'nowal). | 

1,020 I 10th May 
JOll 

Do 

Do. . (70) (.!. Ahveshwar Do, 1*. L. 3,200 ; 27111 October 
' 1!>13 

Do. 

Do. (71) Messrs. Moolla Da- 
wood Hons A Co. 

Do. 1 !■. . 

1 

2,r)0o :'.lht De,oein- 
her 101.3. 

Do. 

j 
Do. . (72) Maiing Saw .Maung Do. 

1 
1 1*. L. 

i 
1,812-48 lOlh July 

J014. 
Do. 

Do. . (73) fi.ShwcYin . Do. 

1 I■ 

1,002-52 21st July 
ltil4. 

Do. 

Do. . (74) Maung Kyaw Din . Do. . j P. L. . 1,428-48 ' Ist August 
, 1514. 

Do. 

Do. . (75) Tlio (ireat 'IVnasse- 
rirn Coal Mining Hyn- 
dieat.(', Ltd. 

(!oa1 . 1*. L. 2,302 88 151h August 
1014, 

! Do. 

Do. . (70) Messrs. Wightirmn 
A Co. 

All minerals (ex- 
cepl. oil). 

1*. L. i,.5r>o 20t h August 
1014. J 

Do. 

Do. . (77) Sit Kwet Do. V. L. 1.373-28 , 24th July 
1 1014. 

j Do. 

Do. . (78) K. Ahmed . Do. . . r. L. 
(renew’al). 

2,740-44 27th July 
j 1014. 

G niontliH, 

i I 

I*. L,=Pmjtecting Liemse. M. h.^Miniruj Ijeme, 
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BURMA—co«/rf. 

Dutrioi. Drtntef. Mineral. 

1 
1 ^’atiire of 
j grant. 

1 

Area 
in aeres. 

Date of 
commence¬ 

ment. 
Term. 

(79) Saw LettR Lee All mineialH (ex¬ 
cept oil). 

ip.L. 
j (renewal). 

660-48 2nd Septem¬ 
ber 1914. 

0 months 

1)0. . (80) MessTB. Moula 
DawcKxl SoDH & Oo. 

Do. , P. L. 
' (renewal). 

8,140-63 24tti Septem¬ 
ber 1914. 

lyear. 

I>0. . (81) K. Ahmed Do. 
1 
i P. L. 

(renewal). 
2,316-80 30tb October 

1914. 
6 months. 

1)0. . (8“2) Ma\in« Ne Dyi 1)0. P. L. 
(renewal). 

3.200 6t.h December 
1914. 

Do. 

MIiiImi . (Sn) MaunK SalnK Mineral oil . M. L. 78-69 2nd March 
1911. 

30 years. 

Do. . (84) Dadar Soomur Do. J*. L. 3.6.V84 
ii(^reR( western 
half of 1711. 
southern por¬ 
tion of ITN. 
and northern 
portion of 
18N). 

.30t.li January 
1914. 

1 year. 

1)0. . («:*) OapDiln II. 1‘Vnton Do. P. L. 
(renew’al). 

2..600 27th August 
1913. 

Do. 

1)0. (8(1) Mowrs. The BrltlsU- 
Ihirnia IHroleuiii Co., 
Ltd. 

Do. P. L. 
(renewal). 

(*14-40 17th December 
1913. 

Do. 

f)o. (87) Mr. H. r. Cameron Do. P. L. 
(renewal). 

' 49.3 
1 ncn!8 (Bl(M?k 
! 20P). 

23r(l Octol)or 
1913. 

Do. 

Do. . (88) Minmp Talk (iji . ! Do. P. L. 
(renewal). 

201 Do. Do. 

Do. (89) Messrs. 'I'ln* MaiLsi'l 
Cn., Ltd. 

i Do. P. L. 
(renewal). 

622-24 14th Novem- 
her 1913. 

Do. 

Du. (DO) KUahi llukfih 1 Do. 
1 

P. L 860 2l8t February 
1914. 

Do. 

Do. . (91) Maunp 'I'wa . 
1 

1 
Do. P. L. 640 11th April 

1914. 
Do. 

Do. (92) Miiiwip Lu IV Do. P. L, 1,920 22nd May 
1914. 

Do. 

Du. (y:i) Maunp No Dim Do. P. L. 
(renewal). 

320 2nd May 1914 Do. 

Do. (94) Messrs. The Rritlsh 
Hurma I’l'trnkuin Co., 
Ltd. 

Do. P. L. 
(renewal). 

440-32 27th Novem¬ 
ber 1913. 

Do. 

Do. (9.*)) Do. Do. . 1’. L. 
(renewal). 

174 20th Novem- 
l.er 1913. 

Do. 

1)0. . (90) Do. 
1 

Do. P. L. 
(nmewal). 

640 7th December 
1913. 

Do 

Do. . (97) .MamiK Talk (Jvi . Do. P. L. 
(renewal). 

27-69 28th January' 
1914. 

Do. 

l\h.=:I*rotp€Cting Lioftm. M.L,saMining Lease, 
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Dibtbict. ; Grantee. 1 MinmI. 

i_ 

Nature of 
i praid. 

j Area 
1 in aeres. 

1 
Date of 

conuru'nee- 
ment. 

Term. 

MiDbu . (98) Mosflra. The Indo- 
Burma Petroleum Co., 
Ltd. 

j Mineral <ul 

1 
1 

P. L. 
(renew'al). 

220j 2sili .lanuarv 
1911. 

1 .tear. 

Do. . (99) Maung Tun Aung j Do. 
Gyaw. 

P. L. 
(renewal). 

1,290',54 28th Fi'hruarv 
1914. 

Do. 

Do. . (100) Abu Bucker Do. P.L. 9W) 27th July 1914 Do. 

Do, . (101) Messrs. M, li. 
Bhymeali & Co. 

Do P. L. G40 B!1h No\em¬ 
ber I9L! 

Do. 

Do. . (102) Mauiig 1*0 Kin Do. .M,. . 220 
;ieres (west.- 
ern hall of 
Block 11S.of 
the Minhii 
oil Held). 

Illli (letLiber 
1914. 

Do. 

Do. . (lO.'D Messrs. M, K. 
Bhyntoiih tV Co. 

1 

Do P. 1 
(renewal). 

010 
acres (ea.sleni 
hall of llloek 
.5N. and 
western hall 
of Blo(!k 2S 
oi Uu) Miiihii 
oil field) 

lOtli Nov('m- 
I'er 1914. 

Do. 

Myin^yan (104) British-Buniia Pe¬ 
troleum Co., Ltd. 

Do. P. L. 
(renewal). 

040 
aere.s (Block 
52N. in the 
Singu oil 
Held). 

12th July 1911 Mo. 

Do. . (1(15) Mauiig Tun Aung 
Gyaw'. 

Do. P. L. 
(renewal). 

208-10 4th Sept(tir)- 
bei 1914 

1)0. 

Myitkylna (KU!) Mr. M. W. Halley Cold . P. L. 4,940-H 8th .liiiiuarv 
19H 

Do 

Do. (107) Mr. D. L (’rainer . Do P. L. 1,2H0 25111 May P.)14 Do. 

Do. (108) Do. 1 )o. P. L. 1,280 Do. Do 

Do. (109) Do. Do. . P. L. 900 Do Do. 

Do. (110) Mr. B. A. bakhviij Cold, pL'itimiin 
and inineral.s o! 
Iilatinuni grou]). 

1*. L. 
(renewal). 

4 .son loll) Dei em¬ 
ber 1912. 

Do. 

Do. (111) Mr. A. B. (U.er- 
lander. 

CopjK-r, Bilvcj and 
iron. 

1*. L. (ilo I.!(li Jiih 1914 Do. 

Do. (112) Mr. 11. A. Daldwin Cold and allied 
minerals. 

P. L. 2,000 Bill) Aiicusl 
191 1. 

Do. 

Northern Shan 
States. 

(112) llkuii Hsi'iig Awn Lead, silver and 
allied ineLils. 

P. L. 
(lOirW.U ) 

(.10 1 

1 

nth M.ircb 
191 L 

Do. 

Do. (111) iVlr. A. B. (Mkt- 
landei. 

(iold, silvi'r. lead, 
it(»n and zinc. 

P. L. ,5.200 9tli Ajiril 1914 , Do. 

Do. (115) Mr. L Horm (.kipiier, gaJcaia and 
allied minerals. 

P. L. 2,.500 22rd July ' 
1914. 

Do, 

Do. (110) Saw like. Hsijtaw 
Sawhwa. 

Antimony, lead 
and silver. 

P. L. 2,,500 1 

i 

2.5th Novi'in- . 
her 1914. | 

Do. 

P. L.= ; Proiiptrfm/ JAretihf. M. L,i= Muiniif Lent^e. 

D 



190 Rvrmdx of ihr Geoloyind Siirvni of hidia. 

mmA-contd. 

[Voi„ XLV. 

DlSTUICT. (iruiittc. ATineral. 

J>akukku (117) Ml. .1. U. I'rohH . AlinoTul oil . 

Do. (j IK) Mi HsrH. ’I'lio Dtinnii 
Oil Co., Dt(i. 

Do. 

1 

1)0. . (Ill)) Mcsmiv. 'I'lu' Jiulo- 
Uuiiii:i Pctroliuiii 
Co,, l.iil. 

1 

i 
; Do. 
1 

1)0. 

i 
(lllO) Mossrs Tli(‘ Mutli 

Sin^'ll Oil Co., J.td. 
Do. 

Do. , . : 

1 

(121) Mows. Till' liulo- 
Jlurma J’litroleinii Co., 
Ltd. 

Do. 

Do. . . ! (122) Messrs. Thu lUirnia 
OU Co., LLl. 

Do. 

Do. . (122) Messrs. The Katli 
Siiinh Oil ('u , Md. 

Do. 

Do. . . 1 

1 

i (124) Messrs. The JlUTina 
1 Oil Co., Lid. 

Do. 

Do. . i (I2.'t) .Messr" The Iiulo- 
' Ihiruia i’elrolt mu Co., 
1 Ltd. 

j 

Do. 

Do. ; (12(i) Messrs TheDritish- 
1 Uiiriiiu I’etroleiiiu ( o., 
1 Ltd. 

Do. 

Do. , ■ (127) Do Do. 

Do. . (12S) 'I'he J’etro- 
initii iidierite. 

Do. 

Do. . (J2‘.t) Messrs 'I'he ^Xath 
Oil Co., Ltd. 

Do. 

Di*. . 

1 

, (120) The .Smi,Mi Jtiiriua 
; Oil yymlieutc. 

1 

Do. 

rronio . (i:’.l) MuiitiB Oyi . Do. . 

SliWCliO . (i:!2) Messrs. The Indo- 
1 Iluruui Petroleum Co,, 

Ltd. 

Do. . 

Do, 1 (lou) Air. A. D'ortoz All minerals (ex- 
cept oil). 

Nature of Area 
! Date of 

eoinmence- 
1 
j Term. 

•rraiil. ill aeres. 
ment. 

]*. I-. 2,1)00 18th March 
1014. 

1 
1 year. 

M. 1,. 248'222 1st October Up to 31st 
(renewal). acres (Slate 

oil wells, 
Venanyyat). 

1012. July 
102(5. 

I' L. 
(renewal). 

1,140 
aiTes (easteri 
haUes of 
IMoeks 20 aiK 
21 and eer- 
tain adjoin¬ 
ing' ari'a). 

17th Oetoher 
1012. 

1 year. 

J’. L. 
(renewal). ^ 

l,t)20 , 24IJi J.iniiary 
1014. 

Do. 

1*. L. . ' 
(renewal). | 

71 LOO 
(east ot 
IMocks 10,20 
and 21, 
Yenaiigyat). 

8th .March 
1 1014. 

i 

Do, 

]•. L. . DIork D 2 in 
^ enaiii'yat. 

24th .liilv 
1014. 

Do. 

p. r. 
(ri'uewal). 

12,!M)0 7th IVhrnary 
1012. 

2 years. 

P L. . i 
irenewal). | 

2,.^)(;() 22n(l July 
1014. 

1 yeai. 

P. L. ' 
(renewal). ' 

1,440 
a('r(“< (e.'isii'rn 
hah es (ii 
liloeks 20 
an<l 21. 
\eiiaiu'\at). 

17th October 
1 1014. 

Do. 

1’ L. 
(renewal). 

(U440 2:tril 
1014. 

Do. 

P. L. 
(renewal). 

201 Do, Do. 

M. L 8f)0 Dt .Inly 1012 20 years. 

1’. L, .‘LS40 28tli October 
1014. 

1 yeai. 

P L. Twopioees of 
land ineasur- 
Jiif.' 715-80 
aer(’s and 
271-20 acres. 

J4th Novem¬ 
ber 1014. 

Do. 

P. L. . ' 
(renewal). ' 

l,8f.2-4 5tb March 
1014. 

Do. 

P. L. . : 2,424 10th Pebruarj' 
1014. 

Do. 

P.L. . i 

i 

1 

3,200 30th June 
1914. 

Do. 

l\L.wProt]Metin9 Licmie. Mining Lem. 
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District. 1 Grantee. 

1 

Mineral. 
Nature of . 

grant. 
Area 

in ai'ies. 

Dale of 
eummenee- 

ineiit. 
Term. 

Southern Shan 
States. 

(1.34) Mr. 11. E. Smith . Wolfram and 
other miiK'ral.^ 
(except mineral 
oil). 

P.IL. . :{,()40 I5tli ,lune 
1014. 

1 yeai. 

Do. , (135) Mr. A. C. .Martin . 
1 

Wolfram, tin and 
othiT minerals 
(cxecjit miniTiil 
oil). 

P.iJ>. 3,200 J.'>Ui .May 1014 Do. 

Do. (130) Ko Law Tan All minerals (ex¬ 
cept OJJ). 

P. L. 300 21st August 
1014. 

Do. 

Do. (137) Do. Do. P. L. 1,1)00 Ill) Sepleni- 
ber 1014. 

Do. 

Do. (138) Mr. L. Bonn Antimony and 
allied minerals. 

P. Ji. 040 20th August 
1014. 

Do. 

Do. (13JI) Mr. .loliu Teriulrup Wollrani, tiingslen, 
gold, galeii.a, 
eopjicr and tin. 

P. I. 
(renewal). 

3,200 30tli ,/imi' 
1011. 

Do. 

Do. (140) Do. Do. P. L. 
(renewal). 

2,720 J5tli .Inly 
1014. 

Do. 

I'avoy . (Ill) 10. Ahmed . All mineral.-! (e\- 
< ept oil). 

P. L. 3.07H LO 20th .himiiiry 
1011. 

Do. 

J)o. (1411) .Mr. S. Cr.'iw^haw . Do. P. L. 3,100 14tli Kehruarv 
1014. 

Do. 

Do. (143) lOn Slnvc Swo Du. . 1 P. L. 1,057 81 10th .March 
1014. 

Do. 

Do. . (144) Maunp Lu Pe l)(>. i>. L. 700 18th February 
1014. 

Do. 

Do. . ' (145) Mr. S. Crawsluiw . Do. P. L. 3,007 , nth Feltruary 
1 1014. 

Do. 

Do. (140) Ma Thaw . Do. ]*. L. 430 Itli I'Vhriiary 
1011. 

Do. 

Do. (117) Mr. (}. K. Llbnrn . Do P. h. 010 20tli l-VI>ni!ir\ 
JOIt. 

() months. 

Do. . (148) Maunj' Ni . 1)0. P. L. 3,123 2iid .March 
1014. 

1 year. 

Do. . (149) Leibaoak Syndicate Do. P. L. 3,135 28tli Pehruary 
1014. 

Do. 

Do. . (150) Lini Kywc Yau . Du. P, L. . , 1,700 4th M;iri,h 
J0J4. 

Du. 

Do. . (1.51) KyonK Nga . Do. P. h. . 1 
(renewal). , 

2,810 27Uj May 1013 Do. 

Do. . (152) Klioo Tun Byan . Do. P. L. . > 
(lenewal). ■ 

2,313 10th August 
1013. 

Do. 

Do. (153) Egani (Tavoy) 
Mining Co., Ltd. 

1)0. 
1 

P. L. 
(renewal). , 

2,430 1st Di'cembor 
1013. 

0 months. 

Do. . (154) Teong Shwe Hm . Do. P.L. 
(renewal), i 

1,132 Hth December 
1013. 

3 montlis. 

P. luKrkProdjtectinij Liceme., M. Ume. 
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BURMA—co»8<d. 

[VoL. XLV 

! 

DIBTRICT, Orunu'C. Mimjnil. 
Nature of 

sraut. 
Area 

in acres. 

Date of 
eommence- 

ment. 
Term. 

Tttvn> (If).'')) Onp Hoc Kyiti All mmorals (ex- 
eei»t oil). 

1*. L. 
(ruiiew'al). 

822 23rd Decem¬ 
ber 1913. 

1 year. 

1)0. 'jr)0) Mohsfk. Tin* Tcnas- 
fcriin t'oiK‘(‘9si(»U'« DDl. 

. 1>. L. 
(reuew4al). 

1,011-2 3rd JanuaTj’^ 
1914. 

Do. 

Do. • 
(3r»7) McriMH Thi‘ Her- 

Mniin« t'o, 
lAil. ■ 

P. L. 
(renewal). 

2,000 28rd Decem¬ 
ber 1913. 

Do. 

1)0. (Ki.H) Messrs 'I'lic 
iMiTium (’0.. 

U,l. 

; Do. 1*. L. 
(nniewal). 

:i,2()0 24th Decem- 
b('r 1013, 

3 months 

1)0. (1.^0) 'I'lic Durrnu 
Malayn AfiiuM I-UI. 

1.0 . . V. L. 
(renewal). 

2,400 2Dtli Deeeiri' 
ber 1913. 

1 year. 

Do. (DUI) Ml. 1’ D I’itzlKr- 
iH-rt. 

Do. V. L. 
(renewal). 

820 31st October 
1913. 

Do. 

Do. (D;1) Mr. S ('niWMimw , Do. 1*. L. 
(renewal) 

C20 3rd .lanuary 
1013. 

Y. M. D. 
1 9 21 

Do. (IB'.:) Mvssis The 
|{)iii|{(ioii .Muiiiiu' Co, 
i.tit. 

i Do. 1*. L. 
(reiH'wal). 

8.200 24th March 
1014. 

C months. 

Do. (1 (’.:}) Ma Thaw , 1 Do. 1*. L. 
(renrw’al). 

HaO 10th Novem¬ 
ber 1913. 

9 months. 

Do. (1(11) Mr. (}. K. Kll.urn . 1 Do. 
• (renewal), 

8,100 28th April 
1914. j 

1 year. 

Do. (Kir)) Lijn Sliaiii . j Do. P. L. 1,000 2nd Septem¬ 
ber 1014 

Do. 

i 

Do. (1(1(1) Mr V. (i. I'ltzher- 
hcrl 

; Do. P. L, 1,000 17 th AiiRust 
1014. 

! Do. 

J)o. (1(17) C Hoo Don . : Do P I.. .'■.S8 8(h •Septem¬ 
ber 1014. 

' Do. 

Do. (Ills) Katl.'lilT 
A Co . 1-1.1. 

, Do. 1’. L. 1 ;:!)() .a 

i 

22nd .Inlv 1014 1)0. 

Do. (1(1!)) M(';.sr.s The lUirni.i 
M.diiN.i Mines 1 td. 

' 1»0. P. L. j 1,.’>44 10th August ^ 
lOM. ; 

* Do. 

Do. • • (17(1) Me.Hsrs, Crinv.shaw 
anti ()n.ili Chen;.!: Cuan. 

( Do. h. 
(renewal). 

1 ODa 
1 
1 

22n(l March ^ 
1014. 

Do. 

Do. * • (171) (i. K. Cillillan (•old and tin i\ J,. 
(renewal) 

2.5th Movem- ; 
ber 1913 j 

Do. 

Do. (17'.1) Mi’.s>r', hi Thann^ 
I'.ros iV Co 

.\1I minerals (e.\- i 
eej't oil). 

J». L 
(lenewal). 

i 274 

i 

22iid January 
1014. 

Do. 

Do. (17;i) Messrs The Rnnna 
Malaya Minos Ltd. 

Do V. L. . 1 

(reuew'ul). 
2,710 1.81h January , 

1014. j 

Do. 

1)0. (17 D Ko Maunjr Dyi • Do. P. J. . j 
(renewal). ; 

455 10th February. 
1014. 

Do. 

Do. (17.*)) Manns K. Zin 

1 

Do. P. L. . j 

(renewal). 
1,000 22nd July ' 

1914. 
Do. 

P, H.aM^I^ttspecUng Liceim* M. Lease. 
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DisiKicr. Grantee. Mineral. Nature of 
grant. 

Area 
in acres. 

1 
1 Date, of 
1 eoininence,* 
j inent. 

Teriii. 

Tavoy . (176) Messrs. The Eganl 
^J^voy) Mining Co., 

All minerals (ex¬ 
cept oil). 

1*. 1.. 
(renewal). 

2,560 ' 22nd July 
; 1011. ' 

(> iiiontlis. 

Do. . (177) Messrs. The 
Tenasserim Concessions 
Ltd. 

1)0. P. L. 
(renewal). 

640 ' I'.Ub .hiiie 
, 11)14. 

1 year. 

Do. . (178) Messrs. M A. 
Ilangan and H. J’. G. 
Selvry. 

Do. P. 1. ; 737 

i 

12tli Novi'iii- 
11)11. 

3 months. 

Do. (170) Sail Saing Tin Do. P. L. 2.10(1 2()l.h OetolMT 
1014. 

1 year. 

Do. . (180) Messrs. A. C. Martin 
and C. H. dePauIscn. 

Do. P. L. . 76(5 5tli December 
1014. 

Do. 

Do. . (181) Maung T^i Too Do. 1,375 22iul Deeejii- 
ber 11)14. 

Du. 

Do. . (182) Maung Lu Pe Do. P. L. 780 41 h December 
1014. 

Do, 

Do. . (183) Mr. G. E. Elburn . Do. P. L. 0 2()tli Novem¬ 
ber 1014. 

Do. 

Do. .. (184) Tan Chong Yean . Do. P. L. 
(renewal). 

275 Otb November 
1014. 

Do. 

Do. . (185) Mr. W. 11. Edwards 
of Messrs. Watkins 
(!o., Calcutta, the 
'rruBtoes for Messrs. ! 
Turnbulls Ltd. (Glas- j 
gow) and the Leibaoak ' 
Syndicate. 

Do. P. L. . 
(renewal). 

2,400 

1 
1 
i 
1 

22ud May 1914 Do. 

Do. . (180) Moolla Gollam ' 
Mohamed. | 

Do. P. L. 
(renewal). 

2,320 23rd <T line 
; 1914. 

Do. 

Do. . (187) Mr. G. E. Elburn . ' Do. P. J.. 
(renewal). 

910 JOth August 
i 1914. 
1 

6 months. 

Do. . (188) Mobms. Eng Kyi | 
Pe Bros. & Co. j 

Do. P.L. 
(renewal). 

279 ! 15th Septem- 
! bor 1914. 

1 year. 

Do. . (189) Ung Hoe Kyin . ! 
i 

Do. P. J.. 
(renewal). 

258 5th Novem¬ 
ber 1914. 

Do. 

Thatdn . (190) M. Ah Khee Do. P. L. 20-66 2nd .lumiury 
1914. 

Do. 

Do. . (191) Maung Sein Swe . 

i ; 

Do. P. L. 3,840 2inl Noveju- 
ber 1013. 

Do. 

Do. . (192) Maung Po Tha . 
1 

Do. P. L. 

1 

3,008 1 12th October 
1914. 

Do. 

Thayeimyo . (193) Ellahl Buksh Mineral oil. P. L. 1,280 20tb Decem¬ 
ber 1913 

Do. 

Do. (194) Mr. J. A. Murray . Do. P. L. 
(renewal). 

3,840 26th Novem¬ 
ber 1913. 

Do. 

Do. (196) Messrs. The Burma } 
OU Co., Ltd. j 

Petroleum . P.L. 
(renewal). 

1,920 26th April 
1914. 

Do. 

P. It.rntVrovpuima Licmse, M. L.M»Mining L&ue, 
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Disininr. (illlllifC. Miiwial. Nature of Ari'iv 
in acres. 

Date of 
eommenec- 

ment. 
Term. 

(U»ro Tlic Dritisb- 
liuriiia J'otTolriiiii Co., 
Dt<l 

INti-olnim . ]‘ D. 
(renewal). 

i4-72 22nd May 
1014. 

1 year. 

Do. (1U7) .\ltii liuokor Do. 1*. 1. 1,020 24th June 
1014. 

Do. 

Do (UK'') Ismail Alioo Almifd. Do V. L. 1,920 Otli Juno 
1914. 

Do. 

Do. (I'.tO) !\lossrs The I’.iirma 
Oil ( o , Ltd. 

l»o. V. h. 640 Do. Do. 

Do. (ilOd) Do. Do. C. L. 1,440 2811i August 
1014. 

Do. 

Do. (iidl) Miami; Tun . Dv). V. 1. 
(renewal). 

222.80 l.'ltli Decem¬ 
ber 1913. 

Do. 

Do. Mi‘s.sr.s 1 he Diirma 
Oil Co.. l,td. 

I/O. 1*. 1. 
(renewal). 

060 Cth June 1914 Do. 

Do. Do. JiUiitTal oil . J'. L. 6,810 24th fieptem- 
her 1914. 

Do. 

( |)|t('r ChiiKlxMii (201) M<'s.m's Tlif Indo* 
I'muiM I’ctroli’um (o.. 
Lid. 

Do. W L. 
(leiiewal). 

11,.020 12th Septem¬ 
ber 1013. 

Do. 

Do. (^O.'’)) Do. Do. D. 1. 
(renewal). 

12,800 Do. Do. 

Do. (200) Do. Do. V. 1,. 
(reiK'wnl). 

J2,KOO 12th Septem¬ 
ber 1014. 

' Do. 

Do. (207) Do. Do. 1*. L. 
(renewal). 

11,520 Do. Do. 

Do. (20JS) 1)0. Do. y. L. 
(renewal). > 

6,200 Dt October 
1914. 

Do. 

Do. (200) Do. Do. r L. 
(renewal). 

6,200 Do. Do. 

CKNTKAL PROVINCES. 

iJal.ij'hat ! (210) Da 1*11 Knpa 
... 

Mainramw . ■! 
1 

.VI 17th June 
1911. 

1 1 year. 

J>0. . 
i 
1 (211) .Sf'lh Kaiiirlmndra Do ' 1'. ].. . 1 62 18th May 1914 Do. 

Do. ! (212) Dit. Do. ' i’. h. . 1 01 Do. Do. 

])o. . ' (21;i) Mr>srs l.allti’liari 
.N.iraxioidus and Kani- 
I’liaraii hliankiTlal. 

Do. . M. L. . i 
■ 1 

1 

2.5 24th June 
1914. 

30 years. 

Do. . ,(211) Mr. llyruniji 
I’l^lonji. 

Do. { .M, 1.. . 1 

! 1 
2a 7th August 

1914. 
Do. 

Do. . (21 fi) lUilm Kripa 
bhankfr. 

1 

Do. ; !•. 1.. . , 

! i 

126 

i 

14th Septem¬ 
ber 1914. 

1 year. 

r. L.maProspeeiinff Lwfue* M. L.iaJUmtHf itase. 
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CENTRAL RROVINCES — Cimld. 

\ 
District. (Jraiitcr. Miiu'ia]. Nature of 

1 graid Area in acres. , 
Date of 1 

eoinineiiec. 1 
Hunt. 1 

IVnu. 

Dalughut. . 1 (UK)) Cont.ral India. 
Milling? Co., I.IaI. 

M'lngaiifM' . . IV L . ! VM] 
r 

Mill Sei-li in- 1 
liel 11*1). 

1 year. 

Do. (l!17) Mr. r. (’ Diitt . JJaiixitc . i IV L. . 1 S.978 Do. . j Do. 

Do. . . 1 (21H) Moshrs. I.albi-hari 
Narayand.is .nid Hain- 
charan Sliankt vlal. 

Maimaiu'So . . M. L. 12 i .loih .Iniie j 
lO'N. 

.*') years. 

Do. . (210) Indian ]!dan,4.un'Sf 
Co., Ltd 

Du. . PI. ,;4 .;id nefol'cr 
1911. 

1 \ear. 

Uotiil (220) Itao Italiadni D K. 
Shrikliando and Ali. 
L. L. Eai. 

Mica . . : IV L. ss 1 III) \I,IV 
1914 

1)0. 

Do. . (221) yluiikli Slialialiuddm Do. . IV L. 71 1711) OetolMT 
1911 

1)0, 

Do. . (222) 1)0. . Cojtj'ci . ' 1* ].. 117 !)tli .N()\enil>er 
1911. 

Do. 

Dhuudura (222) Mr. DyrauijfO 
I’cistonji. 

Alaiiguncsc . . 1 M. L. 18 1 nil OetoLer ’ 
J9i:;. 

i 

Will (A- 
pile, with 
the origin- 
ill lease, 
dated tin 
12tli April 
1913, to 
winch it 
IS ‘'iipple- 
nient.ary. 

Do. . (22D Do. . i Do. . IV L 
(renewal). 

13 i 

1 

13flt Decejil- 
l»er 1913. 

1 jear. 

Do. . : (221)) Scili Kovsardlian- 
! dus. 

Do. . ' IV J.. 
(renewal). 

1)7 12tli Mareli , 
J91I. 

9 nioiitlis. 

Do. . (220) Sir Kasturdiand 
Dagu, K.C.I.E. 

Do. . IV L, .' . 1 22nd April j 

1914. 1 

1 year. 

Do. . , (227) Setli (lowardliaii* 
das. 

Do. . IV L. IH) 

i 

Do, . 1 

! 

Do. 

Do. . (228) Do. Do. , IV L. 47 
1 

Do. . 1 Do. 

Do. . (229) Mr. T. D. Kain- 
Chandra Naidu. 

Do. . IV L. 122 

] 

1 241 li April 
! 1911. 

Do. 

Do. . (2:i0) Naspiir Mun^'anesf! 
Alining Syndicate. 

Do. , IV L. j 402 ' 01 li -liino ' 
! 1911. 

Do. 

Do. , (231) Jlessrs. La! Deliari 
Narayan Das and Kam- 
charan Shaukcr Lul. 

Do. . IV L. I 29tli Jnin: 
[ 1911. 

Do 

Do. . (232) Setli Dowardlian- 
! das. 

Do. . , M. L. 
1 

i 29t)i Alay 
; DD4. 

30 yi'ars. 

Do. . (233) Mr. Byramji I’es- 
! tonji. 

1 Do. . , M. L. 1 
1 

2()th June 
1914. 

years. 

Do. , 1 (234) Seth (iowurdhan* 1 Do. . i JV L. 
1 

1 270 2nd July 1914 , 1 year. 

r. h.~Frosptctxng License. M. L.-- Jiinmg Lease. 
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CENTRAL PROVINCES-COTMrf. 

District. (Iruntco. Minoral. Uaiurc of 
grant. 

Area in acreti. 
Date of 

commence* 
ment. 

Term. 

JihHiidara Soth Muhadeo Mannant'se . r. L. 20n 3rd August 
1914. 

1 year. 

1)0. . {‘2SG) 1)0. . Do. IM. 47 Do. Do. 

ho. . (237) IDii Sahib D. Lak¬ 
shin luaray an. 

Do. r. L. 05 18th August 
1914. 

Do. 

1 >0. Mr. Ujrattiji JVw- 
lojiji. 

Do. i-.L. . 

1 

10 4tli Septem- 
hei 1014. 

Do. 

Do, (2:S!J) Soth (lowardhan- 
da.- 

Do. 
1 
Ir.L. . OS 1 25th Septein- 

i her 1914. 
Do. 

ho. . (2411) Sclh Alahadvo . Iki P.L. 22 8tli August 
1014. 

Do. 

Do. . (2J1) (Vidral India Min- 
iiij; Co., Ltd. 

D(‘. . . V. L. 
(renewal). 

10 28tli August 
1014. 

2 years. 

Do. . (24i,) Naupnr Manj.'aiu’.st‘ 
Miniii;^ ,S} ndinitc'. 

Do. . ■. 1‘. L. 83 28rd October 
1014. 

1 year. 

J»o. (243) Mcssis. Lalliohari 
Narayandas and Lam- 
duuan hliankarlal. 

Do. V. L. “ 41 h Decem¬ 
ber 1014. 

Do. 

1)0. . (244) SrthMaluulco . Do. r. L. 002 18th Novem¬ 
ber JUM. 

Do. 

lU). (245) Si'fli (lovardhan- 
das. 

Do. P. L. 07 loth govern* 
Ixr 1011 

Do. 

Biiuhpiir. (2Id) Mr. W. J Consi- 
dnu‘ 

( oa! and Iron 1*. L. 
(renewal). 

n,G2;i 

1 
1 

20tth March 
[ 1014. 

Do. 

Cliunda . (247) Mr II. Vt rina and 
Munshi Kanhaiya Lai. 

Coal P. L 7,004 j 

j 

20th June 
1014. 

Do. 

Do. . (24S) Aliilla JJtiaaii All 
Mathiibhov. 

Do. I’.L. . , I 4,005 
1 

2ii(i June 1014 Do. 

hu. (241)) Mr. Ahisthyalu 
Vonkat Jvrishniah. 

Copiier P. L. 082 

i 

10th Decem¬ 
ber 1014. 

Do. 

(hliimhMU'u (250) Mr. Al. J{. Dutla- , 
bho>,C.l L. 

Maiii^ano.m-. P.L. 
(renewal), j 

58 1 27th Decem¬ 
ber 1018. 

£ months. 

Do. . (251) Do. . . I Do. P. L. . 1 
(renew'ul). 

150 20th Janu¬ 
ary 1914. 

Do. 

Oo. (2.'.2) Mr. 11. Vt’iuia and i 
Muushi l\anhui>a Jail. 

Coal P. L. 1,048 * 1st June 1014 1 year. 

Do. . (25;]) Do. . . ; Do. P. L. 5,405 j 28rd July 
1914. 

Do. 

Do. . (25 h ho. , , 

! 

Do. M. L. 870 j 20th August 
1014. 

30 years. 

JM . {255) Ml •-.'•is 11 V. Low 1 
A Co. 1 

Do. 270 ' 

i 

10th July 
1014. 

Do. 

r. j..., l*ioi>i>ectui(j Liccme. M. L.~Jioitn)/ Lf'iwc. 
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CBNTEAL PROVINCES-cojrfd. 

District. Grantcp. Mineral. Nature of 
grant. 

Area in acres. 
Date of 

comniciu’c- 
incnt. 

'I’enn. 

Chliindwura (250) Indian Manguuese 
Co., Ltd. 

Manganese . M. L. 4 18tb No\ em¬ 
ber 1914. 

Will ex¬ 
pire with 
the origi¬ 
nal louse, 
dated the 
6th Fob- 
Tiiary 
1904. to 
which it is 
supple¬ 
mentary. 

Do. . (257) Measrs. Shaw^Wal- 
Ja< e & Co. 

Coal 1*. L. 1,193 l.sl October 
1914. 

1 year 

Do. . (258) Mr. H. Wrma and 
MunJ=hi Kanhaiya Jial. 

Manganese . 1’. L. 
(renewal). 

164 131 li Septem¬ 
ber 1914. 

Pp to 3Uth 
,I line 1915. 

Do. . 

6
 

P
 

1
 Coal P.L. 018 22juI October 

1014. 
1 year. 

Do. . (2(50) Don’bln 8ir 
Kasturohand Daga, 
K.C.I.E. 

Manganese . P.L. 142 Klt-h October 
1914 

Do. 

JubbulT»on! (2(51) Mr. S. V. Diitt . Mangan4‘S(‘, mica, 
bau.'ilk*, barytes 
and coppw. 

P. L. 565 ITtli May 1914 Do. 

Do. . (2(52) Mr. V. C. Dutt . Bauxite P. L. (57 3rd May lOH Do. 

Do. . (2(515) Mr. Uoorgo Fori'S- 
tor. 

Iron M. L. 0 i 

i 

JOth Scpteiu- 
l)er 1914. 

21 years. 

Do. . (2(54) Mr. r. C. Dutt . Jlauxite P.L. 
(renewal). 

1,352 20th August 
1014. 

1 year. 

Do. . (265) Do. . Iron and Bauxite. 
1 

P. L. 281 22nd Oct^>bor 
1914. 

Do, 

Do. . (2(56) Do, . Bauxite P. L. 658 

1 

0th October 
1014 

Do. 

Do. . (2(57) Do. . Do. P. L. 1 1,006 Do. Do. 

Do. , (2(58) Katni Cement and 
Industrial Co., Ltd. 

Soapstone, steatite 
and I'alc. 

P. 3,. ^ 142 14th Octf)ber 
1014. 

Do. 

NaBT^ur . (269) Nagpur Manganese 
Mining Syndicate. 

Manganese . P. L. 
1 (renewal;. 
1 

1 

i ! 

4tli Novem¬ 
ber 1913. 

1 1 

Do. 

Do. (270) Do. . Do. 
1 

P, L. 
(renewal). 

1 
114 i 31 Ft Deeem- 

l)cr 1J13. 
Do. 

Do. . (271) Do. . Do. . . 1 P.L. 
(renewal). 

30 
1 

9th February 
1914. 

Do. 

Do. . (272) Do. . Do. P.L. 127 1 3lHt March 
1914. 

Do. 

Do. . (273) Mr. 11. Vcmia and 
Munshi Kanhaiya Lai. 

Do. 
! 

P.L. 200 1 

' 
12th June 
1914. 

Do. 

Do. . (274) Messrs. Balibhadra 
Mohanlal. 

Do. . . ! 
1 
1 

P.L, . 

1 " i 

22nd Apr« 
1914. 

Do. 

1*. L.= J'ri tieciitiy luemv. if. L— Mining Ua$e, 
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CENTEAL PEOVINCES-cowid. 

DwiKiia. : 

! 

Mineral. 
' A'alurc of 

grant. 
Area in acres. 

Date of 
eoinraencc- 

inent. 
Term. 

N um)ur . {117()) Muupur Maiipaiieso 
MiiilriR Syiullcatc. 

MauganiM' . . 1». L. 10 27th April 
15)14. 

1 year. 

1)0. . (*!70) Do. . Do. . 1>. L. 00 Do. Do. 

Do. , (277) Do. . Do. . D. L. 84 3rd .hiiK' 
15)11. 

1)0. 

Do. , (278) Indiiiii Dlaii^aDoc 
Co., Ltd. 

Do. . M. 1.. 0 8th April 
1014. 

Will ex¬ 
pire witli 
the origi¬ 
nal lea.so, 
dated the 
Ofh Feb¬ 
ruary 
1004, to 
>vhich it 
is .suppie- 
inentary. 

Do. . (2751) Mr. r. JJulkrihhiia 
Maidii. 

1)0. . V. L. 102 0th May 15)14 1 year. 

Do. . (2KII) Mr. Laksliinuii 
Daiiiodar Lclc. 

Du. . V. L. 144 2(lth June 
1014. 

Do. 

Do. . (281) Do. . Do. . J*. L. J.'IO IstMay 1014 Do. 

Do. . (282) Do. . 

1 

Du. . F. L. 17 20th Juno 
1014. 

Do. 

Do. . (28.*)) McHars. Cancaliraui 
1 Hhcopratab & Sons. 

Do. . 1'. L. i 111 Do. Do. 

Do. . (284) Messrs, (joredutt 
DanesU Lai and M. 
D'CJobU. 

Do. 

1 

. P.L. 20 3rd Juno 1914 Do. 

Do. . (285) Indian Manganese 
Co., Ltd. 

j 1)0 . P.L. 231 3()th August 
1914. 

Do. 

Do. . 

1 
; (28(1) Messrs. Dallbliadra 
j Mohanlal. 

' Do. , P. L. 35 24th July 
1014. 

Do. 

Do. . I (287) Messrs. ].iili)chari 
1 Narayandiis and Ham- 

charan 8)iaiikarlal. 

Do. . M. L. 212 30th Juno 
1914. 

3 years. 

Do. . j (288) Do. . 

1 

; Do. 
i 
[ 

. M. L. 38 24th June 
1914. 

10 years. 

Do. 1 (280) Do. . 

j 

Do. . M. L. 224 25th Septem¬ 
ber 1914, 

Do. 

Do. (200) J^agpur iMunganeso 
Mining Syndicate. 

1 Du. . P.L. 17 10th August 
1914. 

1 year. 

Do. . (201) Do. , Do. . M.L. 41 8th August 
1914. 

6 years. 

Do. . (202 Do. . Do. . . M. L. 86 8 th August 
1914. 

Do. 

Do. . , 1 

1 
(202) Do. . Do. . . P.L. 129 10th August 

1914. 
lyear. 

F. LmFmptcting Licmsc, M. L.- Mininif Lease. 
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CENTRAL PROVINCES-concic?. 

190 

])18TH1CT. Grantt'c. Mineral. Natuie of 
giant. Ai(‘a ill aeres. 

Dale of 
eoJiuneiiee- 

iiieiit. 
Term. 

Nagpur . (i:94) Mr. liyraiiiji I'oti- 
tonji. 

Coal I-.L. . 387 1(11 li Augii.sl 
1914. 

1 jear. 

Do. . (2'.>5) Dahu IMadhuhl 
Diigar. 

Manganese . P. L. Do. Do. 

Do. . (20(0 yt'I'h J{.4iucharaii . Do. P. L. U-7 5 th Aiimisl 
1914. 

Do. 

J)o. . (207) J)o. . Do. P. L. 
(renewal). 

31 2.)rd .\ugii,d. 
1!)14. 

Do. 

Do. . (208) Mr. Ilariraiii Situ 
ram Paid. 

i)o. P L. 205 24 Ml .liilv 
1914. 

Do. 

Do. . (200) Mr. T. D. Kaiithariu Do. P. L. 10 2()th July 
1914. 

Do. 

Do. . (aoo) Mr. I.akshiiiau 
Duiiiorlar la-lc. 

J)o. P. L. 145 71 h October 
1911. 

Do. 

Do . (1101) Messrs. (iorcdiiU 
(iaiiosli Lai and M. 
J)’Costa. 

Do. P. L. 00 13th Novem¬ 
ber 1914. 

Do. 

Do. . (0(12) Mr. Lakbhmao 
Daiiiodar Lolc. 

Do. I>. L. 83 7th Detober 
J914. 

Do. 

Do. . (lUlO) Mr. lUinkrishua 
I'uri (iosai. 

Do. l\ L. 503 5th Novem¬ 
ber 1914. 

Do. 

Do. . (.101) Balm Madhu Lai 
Dugar, 

Do. J». L. 177 12th Decem¬ 
ber 191 J. 

Do. 

Do. . (305) Mr. llamkrishna 
Puri Gosai. 

Galuua P. L. 33 14tli tiek'bei 
1914. 

Do. 

Do. . (300) Do. . Do. P. L. 18 Do. Do. 

Do. . (307) Do. . Do. P.L. 125 Do. : Do. 

Do. . (308) Mr. Lakbhman 
Damodar Lelc. 

Manganese . P. L. 
(renewal). 

105 23rd Aiigiiht 
1914. 

1 nioiiLlis 
and 9 
dajs. 

Nimar . 

1 

(300) Rao Bahadur 
Bajaram 8itaram Dik* 
shit. 

Lead, copper and 
silver. 

P.L. .; 358 

i 

1 12tli detober 
! 1911. 
i 

1 jeui. 

Yeotmal. (310) Mr. M. B. 
Dadabhoy, CAM. 

Goal • 
M. L. 1,247 14th Octob.r 

; 1914. 
1 

1 31) V ears. 

1 

madeas. 

Dollary . . (311) A. Ghost), Esq. . Manganese . M.L. 1,009-30 2Dd Ikbruary 
1914. 

30yearB,5 

Guntur . (312) Do. . Iron ores . . P.L. 603-98 6th AprU 1914 1 lycar. 

JKuruool . (313) W. A. BcardBcU, 
1 Dsq. 

Barytes M.L. 5-00 1 16th Decern- 
: bar 1913. 

' 30 years. 

Do. . (314) A. Ghose, Esq. . Diamond . • M.L. 22-67 1 Bth April 1914 Do. 

r. L.muProtpecting License, II. L.tmMiMng Lean, 
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MADEA8--c(m^(i!. 

Distuiot. 

! 
Graiitov. 1 

L 

Mineral. 
Nature of 

grant. 
Area in acres. 

Date of 
eommcnco- 

ment. 
Term. 

NoUorc M. R. Ry. Itarhv , 
Veil kata Sul)ba R(*(l(li. 

Mica I M. L. 40-50 2nd Novem¬ 
ber 1913. 

.30 years. 

Do. . (.Dll) Cross, Esq. . 
1 

Do. P.L. . 51-93 19th July 
1913. 

1 year. 

Do. . (ai7) M. K. Ky. K. Pcu- 
chain Ucddi. 

Do. i j’. L. 
I 
I 

17-70 29th July 
i 1913. 

Do. 

1)0. . (318) Messrs, liajee 
Miiliaininad RudDia 
Sahib A Co. 

Do. I M. L. 

i 
()()-10 1 loth August 

i 1913. 
30 years. 

1)0. . (31U) M. U. Ry. 1* 
Krishiiuswaini Miidu* 
llyar. 

Do. M.L. GS-3J ; loth Decom- 
I iier 1913. 

Do. 

1)0. . (3:10) M. 11. Ry. K - Stslia 
Roddl. 

Do. P. L. 13-80 1 I9th July 
1 1913. 

1 year. 

1)0. . (321) Muhammad /ia- , 
uddin Ahmad Sahib 
Auaari. 

Do. l\ L. 12-30 26th October 
j 1913. 

Do. 

Do. . (322) M. R. Ry. T. Chin- : 
kondapalNayudu. ! 

Do. V. L. 28-30 2l8t October 
1913. 

Do. 

Do. . (323) 11. A. Brandt, Esq. 
1 

Do. P. L. 83-40 Do. Do. 

Do. . (324) M. R, Ry. Y. Cua- ' 
namuttu }(udur. 

Do. M.L. 
(pattii land) > 

0-72 loth August 
1913. 

20 years. 

Do. . (325) lliiji Muhammad 
llanif Sahii). 

Do. P. L. 19 74 , Ist ()cioi>er 
1D13. 

* 1 yeai'. 

DO. . (32tt)M R.lty.M. Subba, 
Nayudu. i 

Do. M.L. I 
((Kitti) land). 

89 j 20fh October 
1 1913. 

, Do. 

Do. . (327) M. R. Ry. Chou- 
' liu Krtohnarama. 

D'. M.L. I 
(pnttaland) I 

(;3-22 10th Dei-em- 
ber 1913. 

20 years. 

Do. . (32.S) M. R. Ry. K. lUrua* 
chandrayya. 

Do. iM.. . I 

i 

10-84 , Slat August 
’ 1913. 

lyear. 

Do. . (329) Do. . Do. P.L. 17-95 Do. 
1 

Do. 

Do. . (330) Muhammad (htlani 
All Gulam llutuim. 

Do. 
i 

1 
p.i.. .! 89-88 

! i 
22nd Jauu-1 
ary 1914. j 

Do. 

Do. . (331) Shaikh Muhammad , 
Ismail Sahib. 

Do. . I 
I 

ML. 
(patta luiid). I 

5.U ! 

1 

22nd Novem¬ 
ber 1913. 1 20 years. 

Do. . 

1 

(332) D. Chenchu Subba , 
Koddi. 

Do. P.L. rM7 1 17 th Janu¬ 
ary 1914. 1 

1 year. 

Do. . 1 (■{33) K. C. Dyriiinada ; 
Mudaliyar. | 

Do. P. L. ii-an 21st January 
1914. 

Do. 

Do. . . ! 

! 
(334) 1*. Vcukatanaraiqta 

Rcddi. 
Do. P. L. 7.5-70 Ist April 1914 ' Do. 

Do. . (335) ({hulaiu All Ohulam ' 
ilusaiu. 

Do. ML. 89-88 Do. 30 years. 

Do. . (330) Sankara Mininj? , 
Syndicate. 

Do. M.L. 
(patta land). 

2-14 10th March 
1014. 

i 

20 years. 

P. L.m Pmv^ctins JAcente. IL L.m Minmy Lea$». 
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DlSTniCT. Grantee. Mineral. Nature of 
grant. 

Area 
in acres. 

Date of 
coiuinence- 

inent. 
Tenu. 

Nellorn . (337) Sankara Mlninp 
Syndicat<‘. 

Afiea M. L. 
(piitta land). 

19-9.5 19tb Mareti 
1911. 

20 years. 

Do. . (.338) R. Rangayya 
Ghetti. 

Do. Af. b. 
(]uittn land). 

3J2 9th April 1914 Do. 

Do. . (3.39) H. A. JJraudt, Dfiq. Do. P. L. 52'93 29UI .tauu* 
ary 1914. 

1 year. 

Do. . (349) Mosa Abdul Itahi- 
niaii S.ihcb. 

Do. M. L. 
(patta land). 

4-72 l8t Ajml 1914 20 years. 

Do. . (341) Al. 1{. Ry. G. Su- 
branianiani. 

Do. . J’. L. 17-79 Do. 1 year. 

Do. . (343) Do. . Do. . M. L. 132-52 Do. 30 yeuri. 

Do. . (.343) Khan Bjtliadur 
Aliihauiiiiad Safdar 
It ns,sain Khau Sahib. 

Do. M. L. 221-73 Do. Do. 

Do. , (344) Tilt* Sankara Min* 
ing Syndicate. 

Do. Al. 1. f.5-94 Do. Do. 

Do. . (345) M. R. lly. r. V, 
Kriiiliua Rao. 

Do. Al. L. 13-25 Do. Do. 

Do. . (349) M.K.lly. r.KrlHh- 
naswami Mudaliyur. 

Do. Al. h. 04-80 iHt Octolier 
1914. 

Do. 

Do. . (347) Af. ]{. Ry. 1’. Von- 
katanarapu ilcd<li. 

Do. Al. L. 103-22 Ist August 
1914. 

Do. 

Do. . (348) M. R. Ry. V. Kriah- 
uasawiny Mudaliyar. 

Do. Al. L. 93-31 1st January 
1915. 

Do- 

Do. . (349) M. R. Ry. K. Veu- 
kataramanayya. 

Do. Al. L. 24-79 1st. N()Veinl)i'r 
bor 1914. 

Do. 

Do. . (3.50) M. R. Ry. i*. Ven- 
kutarama Kuyudii. 

Do. Al. L. 103 94 Do. Do. 

Do. . (3.5J) MesHTB. Hajeo 
Miiliuniiiiad Ikad^tia 
Sahib & Co. 

Do. M L. 20-40 iBt August 
1914. 

Do. 

Do. . (3.52) Af. R. Ry. 1’. Vrn- 
kalaramaRayudu. 

Do. P. L. 1 75 8Mi Hcptenilier 
1914. 

1 year. 

Do. . (3.53) Al. R. Ry. 15 Kaii- 
iiappu Alayiidu. 

Do. P. L. ,9 97 23rd Septem¬ 
ber 1914. 

Do. 

Do. . (354) Raja Vubi Reddi 
Sri ('handraini'iik's- 
wara I'rasad RaJiadui. 

Do 15 L. H 01 ! I9tb October 
19i4. 

Do. 

Do. . (35.5) AjcbBrs. A. AJ. Jee* 
vanjee. <fe('o. 

Do. P. L. .39 02 
1 
1 

22nd Decem¬ 
ber 1914. 

Do. 

south t’anara (350) Air, 'J'iinothy Pinto (Corundum . P. L. 292-01 1 Ist August 
1914. 

Do. 

Timicvelly (357) Sri KriBhna Doss 
oI Bikaner oI Rajpu 
tana. 

Garnet P. 21-25 ] January 1914 Do. 

P. li.=^ProtpMting lAcmte. M. h.-Mining Leiue. 
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MADRAS—cowcW. 

District. 

1 

Orantofi. Mineral. 
Nature (tf 

; gmnt. 

Aroa 
in acres. 

Date of 
coinmence- 

inent. 
Term. 

TInncvftlly (.%8) Aniia\l oiia« Ay- 
yappa Nodar Karai* 
koil. 

Cornot . r. I-. 
j 

6-27 10th March 
1914. 

1 year. 

Do.. . (I'.Sd) A. Sunkarakumara 
(.hettiyar of Kotar, 
NajjarkoU. 

Do. . . m.L. 
(patta land). 

•16 16th August 
1914. 

Do. 

Do. . {3<Ui) S. Siiumcl Nadar of 
Karalkoil, Naugunicrt 
taluk. 

Do. . . !m.I. 
(patta land). 

311 23rd Juno 
1914. 

1 

Do. 

Do. . 1 (:}G1) T*Hnnia8watni Nil- 
1 dor of iiLurulkoil. 

j Do. . M.L. 
(patta land), i 

2-00 3rd September 
1914. 

Do. 

PUNJAB. 

Attoi'k . 
r 

(302) 'Clm Attook Oil Co., 
JiUl.. through Mt'sarfi. 
Hhitd Bros. A' Co., llau- 
goon. 

Votroleuni . . f P. i. 
1 
! 

i 

6,760 14tli Septem¬ 
ber 1914. 

1 year. 

Do. . C’.OR) Do. . Do. . 3,840 Do. . Do. 

J’. Ia=/Vas/y/rZ/rtV I.K'onm’. ,>r. \..-Mniin(i Lmsc. 

SUMMARY. 

Aksuih 

JtuliictliHia 

iJiljiir ;iiul 

Hombay 

KuTiau 

Central Tr 

Alu(ira» 

riinjal) 

Totals for oath kind and Crand Total, 1914 305 ! 58 1 3G3 

J’rospeeting J-lxploring Mining i 
Liecnsi’s Licenses. Leases. Total. 

Total for 1913 . 383 53 69 j 496 

I'RdN INl'RS. 
Prospect ing ; Mining 1 Total of each 

Lieensi'h. j Lenses. Province. 

.5 .5 

1 u 7 i». 1 u 7 

Orissa. Jo 4 , 24 

I .. 2 

. J70 ;{ 182 

oviiKVrt. H‘l 17 202 

• . iio 2S I 51 
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CLASSIFICATION OF LICENSES AND LEASES. 

Table 31.—Prospectimf Licenses (jranted in Assam durimj 1914. 

JlJJl. 

District. " 

No. An‘£i ill 1 .Milioral. 

1 
• a(*r(*s. 
1 

Khaf^i and .Tairilia 11 ills . ' 
) 

12,704 ' (»«)ld and rortain otlior 
alli(Ml iniiKMuls. 

Do. 1 1 12,704 j Tin ami woU'rain. 
Do. i 1 S,1(»0 j Oold, l,m jiml fcrlain 

' ol iilTu'd nnncraJs. 
Do. 1 7,040 , Mineral oil. 

Lakhimpiir ; 1 : Oil. 

d’oTAt- . 1 5 

Tajjle 32 —Prospccfin{f Licenses and Minitaj Leases (jranted in Balu¬ 

chistan darhuj 1914. 

DisTnicT. 

Prospecting Licenses. 

Kalat 1 4(K),()4(i Oil. 

Toiat- . I 

Mining Leases. 
Knln.1. I I Wl 
Ijoralai . . . , . i ' W) !>•» 
QiJotU. 2 \ JOS-JO Do. 
Sihi. I 1 HO l)f>. 
Zho}> ..... I : HO (’hioni’O* 

Total 6 
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Table 33.—Prosyectimj Licenses and Mining Leases granted in Bihar 

and Orissa during 1914. 

1914. 

I )ISTRICT. 

No. 
Aron in 
acros. 

Minerals. 

Prospecting Licenses. 
H^zaribaf^li .... I =* 573-2*1 , Mica. 

1 

Samhalpiir .... 1 1,300 ! Coal. 

Sinj;hl)huin .... .*{ 2.291-28 Man^^•lneso. 

Do. 5,(>84-5G ! (•hroinite. 

Total 10 

Mining Leases. 
JIa7.fW’ibat>;h 190 Mica. 

Saiitlial Pan'aiia^' . . . 1 2 (’oal. 

'Fota l 4 1 
1 

Table 34.—Prospvctimj Licenses grafifcd in Bombay flarimj 1914. 

\ 

1 
1911. 

Di'^Tai.'r, ; 

No. 
Area in 
acivs. Mineral. 

l*aTU-h Mab.il ' 1 530 ManganeNO. 

Totai. 1 
) 
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Table 35.—Prospecting Licenses and Mining Leasers granted in Burma 

during 1914. 

Distbict. 

No. 

1914. 

Area in 
aercH. Min(>rul, 

Prospecting Licenses. 

Amhorst :i j r»,7(>o All minerals exeept oil. 

Do. 1 ' 9()0 <b)ld, silver, tin, copper. 
1 1 wolfram and antimony. 

Katha .... 1 i 900 Lead and silver. 

Lower Cl indwin i ' 9t»0 Mineral oil. 
Do, 1 , 1,440 All mineral.s except oil. 

Ma}i;we .... (> 7.109 Mineral oil. 

Do. 
1 

1 , l,.520 Petroleum. 

]\1 aiululay 
‘ 

(>40 (\>p})or, lead and other 
minerals (except mineral 
oil). 

Meiktila 1 9.200 sVolfram. 

Mermii .... :{7 ! r»s,9r>i-9r> All minerals oxeojit oil. 

Do. 1 . l,4o4'OS (lold. 

Do. 1 i 2,902*SS (V)al. 

Miiibu .... 20 ' 19,999-09 Mineral oil. 

Myiosyan •> '■ 848-10 Do. 

Myit-kvina 4 I 8,400-S (lokl. 

1)0. 1 ' 4.800 (J(»kl, platinum and mine¬ , i rals of platinum frroup. 

Do. 1 040 (loj)per, silver and iron, 
(lold and allied minerals. Do. . . 1 1 9.000 

Northern Shan State« 1 040 Lead, silvin- and allied 
minerais. 

Do. 1 j 9,200 (Jold, .silver, lead, iron 
and /.ine. 

Do. 1 i 2,500 Lo])])or, galena and allied 
minerals. 

Do. ' 1 i 2,500 Antimony, lead and silver. 

Pakokku 12 * 20,428-90 Mineral oil. 

Prome .... 1 ! 1,802-4 Do. 

Shwobo 1 ! 9,424 Do. 

Do. 1 ! 9,2(M) All minerals except oil. 

SouthertJ Shan Staten 1 9,(M0 Wolfram and other 
minerals (except mine¬ 
ral oil). 

Do. J 9,200 AVolfram. (in and other 

_i 

miiKralK ((‘xcopt imiik- 
ral Oil). 

("aniod over lO.") ! 
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Table 35.—Prospectmj Licenses and Minimj Leases granted in Burma 

during 1914—concld. 

OrsTiuoT. 

No. i 
Area in 
acrcH. 

M inoral. 

Prospecting Licenses - coneW. 

Bnuif'lit forward . 1()5 i 

1 

Sout.lo'rn Shan Stidi'S 2 1,900 All ininoralK except oil. 

Do. 1 040 ! Antimony and allied inino- 
rals. 

Do. 2 ' 5.920 Wolfram, tun^^sten, gold, 
galcMia, c*oy)|)or and tin. 

Tavoy . 48 72,903‘74 All minorals cxcejit oil. 

J)n. 1 ; 2,172T)2 (lold and tin. 

Thaton ..... :i i 0,808* 00* All minerals except oil. 

Tliayotniyo .... •3 ! 8.9()0 Mineral oil. 

Do. s 
! 

9,U7*52 ' Botrolonm. 

Uj)i)or Cliindwin 1 0 
1 1 

.54,040 ; Mineral oil. 

Total . 

i i 
179 i 

1 
1 

Mining Leases. 

Minbu . . I 1 78*59 Mineral oil. 

Pakokku i 2 1 1,098*22 Do. 

Total 3 
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Table 36.—Prosfecting Licenses and Mining Leases grunted in the 

Central Provinces during 1914. 

1014. 

Prospecting Licenses. 
Balaghat 6 526 Mangan(‘so. 

Do. 1 8,978 Ban Ml f. 
Bfttiil 2 162 M ioa. 

Do. , ' 1 147 ('oppor. 
B ban tiara 20 2,424 Mangaiioso. 
Bilaspur J 11,626 ('oal aipl iron. 
Dhaiitla 1 •) 11,1.^>9 (\ial. 

Do, 1 982 ('opptM'. 
(’hhiiidwara . 4 526 Manganese, 

Do. 4 8,654 ('oal. 
ilubbulpore 1 565 Mai.'iam^M‘, niiea, bauxite. 

))arvles and eopptM'. 
Do. 1 281 Iron anti bauxite. 
Do. 1 142 Soa])stone, steatite and 

1 tale. 
Do. 4 2,986 Bauxite. 

Nagpur 60 6,452 Mangaru’iso. 
Do. 1 687 ('oal. 
Do. 6 176 (laltuia. 

Nimar . 1 658 Lead, eop])er and silver. 

Total . I 
1 

84 
( 

• * i 

Balaghat 
Bh an tiara 
Chhindwara 

J)o. 
Jubbiilpore 
Nagpur 
Yeotmal 

Mining Leases. 

<)2 
147 
vm 

4 
9 

607 
1,247 

MaiiL^anoso 
Dt.’ 

('oai. 
Mangancj-se, 
Iron. 
M anganoh’o. 
(-oal 

Total 17 
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Table 37.—Prosyecting Licenses and Mining Leases granted in Madras 

during 1914. 

1014. 

Distiuct. I I 

No- 

Prospecting: Licenses. 

(Uinlur . 
Nollon^ . 
»SoiiMi (’ttiiara 
'J’iiinovolly 

Total . 

l 

1 H) 

i i 

I 

i 23 
I 

r)()3-98 Fron-oros. 
n‘)017 Mica. 
202()1 (Wiindum. 

27*52 Garnet. ,4 

Mining Leases. 

Bellary • 1 1.000*30 Maii^anpso. 
Kuruool j 1 5*00 i BarytoH. 

Do. 1 1 22*07 * Diamond. 
Nelloro . 22 1,222*80 , Mica. 
Til im‘V oily 3 5*20 1 Garnot. 

'r(*TAL ‘ 28 

J_ 

1 
1 

• • 1 
i 

Tabi.k 38,* —Pros'pect i'ug Licenses granted in the Punjab daring 1914. 

1914. 

District. 

No. 1 Area in 
1 acres. 
1 

Mineral. 

AtLn'k ..... o 

t 

1 ' 
! 9,0(H) Petroleum. 

Totai. . 
1 

*) 
j 
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Three New Indian Meteorites ; Kuttippuram, Shupiyan 

AND KAMSAGAR by J. CuGGiN BROWN, M. Sc., 

F.G.S.. GcologLal Stiroey of India. (Witli Plates 
7-20.) 

THE KUTTIPPURAM METEORITE. 

/ \N the loth and 11th of April 1014, accounts of a meteorite fall 

^ appeared in various Indian m^.wspapers. The following extrai t. 

from the C-alcutta “ Statesman ” is typical of them all. It is dated 

(Jalicut, April loth, 1914: ‘'On last Monday morning (April (itli), 

a terrible rumbling noise in th<^ sky was luaird, and it was g<m(nally 

believed that it was thunder which forecasted tlu^ early approach 

of the south-west monsoon, llejmrts now^ received go to show' 

that meteorite stones, weigliing about a hundied ])ounds, had fallen 

immediaUdy after the noise in Ponnani, Tirur, Triirangadi. Kuttip¬ 

puram, Ottapatam, and other places in South Malabar, and that 

they had gone about five or six feet deep into the earth. All the. 

stones, which so fell, are reported to have, IxHm broktm to pi<*ces, 

owing to the extraordinaiy force with which they fell.” 

All meteorites which fall in British India are. the ])roperty of 

the (Government of India, and, as such, are added to the. gjeat 

collection in the (Geological Museum, Calcutta. The Collector of 

Malabar, who is in charge of the district in which the stones fell, 

was requested, therefore, to obtain them, together with any available 

particulars of the occurrence. 

Several Indian meteorites have previously been lost to science 

owing to the veneiation bestow^ed on such objects by suimrstitions 

villagers, who regard the phenomena accompanying tlnuj* descimt as 

supernatural manifestations, and place th(^ stones themselves in the 

temples, for public adoration, whence it is ([uite impossible to obtain 

them. 

The ecological iSurvey Department is greatly indt-bted to 

Mr. (J. A. Innes, the Officiating Collector of Malabar, for the trouble 

he took to secure the stones and for the completeness of the 

enquiries which he instituted regarding them. 

In forwarding eleven fragments Mr. Innes submitted the follow¬ 

ing report which is reproduced below in his own words' ~ 

“ Careful enquiries have been made and it has now been ascer¬ 

tained that meteoric stones fell on the 6th April last only at the 
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following places in the Ponnani taluk of this district : (1) Kuttayi, 

(2) Triprarigod, (3) Trikkanapuram and (4) Kuttippuram. These 

four places are practically in a straight line and you will find 

them all clearly marked in the Survey of India Topographical Sheets 

No. PJ-N -13 and oS-B -1. Kuttayi is on the coast ; Kuttippuram 

is 9 or JO miles inland in a due (*asterly direction from Kuttayi. 

At Kuttayi four small stones are reported to have fallen within a 

distance of one mile. One of these stones is said to have measured 

but only one small stone has been secured. One stone 

has been secured from Triprangod and six from Trikkanapuram. 

At Kuttippuram one large stone weighing it is said some 

71 lbs. fell, it is now in three pieces all of which have been 

secured. 

“ 1 summarize below such information as 1 have been able 

to collect. Accounts vary as to the exact time at which 

the meteorites fell. At Kuttayi b-30 a.m. is given as the 

time; at Kuttippuram 7 a.m. ; while another accomit mentions 

7-30 A.M. 

“At Kuttayi there was a festival at the mos((ue on the morning 

of the ()th April, and many people who had collected at the sea 

shore had a good opportunity of observing the phenomenon. First 

they beard two loud and almost simultaneous reports which they 

compared to the noise made by Jadina.s. Kadinas are small moitars 

which are much in favour in Malabar and which are exploded with 

terrilic noise at times of festival. A continuous roaring sound like 

that caused by a volley of musketry followed and at the same time 

there was a Hash like a flash of lightning. (It is more probable 

that the Hash preceded or accompanied the first two loud reports, 

but the account above is the one given by the Deputy Tahsildar 

of Tirur in whose division Kuttayi is.) The direction of the flash 

was from west to east and the people who saw it said that in appear¬ 

ance it resembled a palm tree. The stones which fell at Kuttayi 

penetrated only about (1 inches into the earth. They were slightly 

warm when picked up and there was no smell. 

‘‘ At Kuttippuram the stone fell in a paddy field, which was 

then dry, and penetrated some f^et into the ground. A cloud of 

dust rose into the air, and this attracted people to the spot. But 

they were apparently afraid to touch the stone, and it was not 

till some hours later that it was dug out and then it was quite cold. 

The people who gathered at the spot say that for some minutes 
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after the fall there was a smell of backwater mud in the vicinity. 

Backwater mud or silt is black oozy stuff which is full of rotting 

organic matter and its smell, which is familiar to everyone who 

lives in Malabar, is most unpleasant. 

Triprangod is about 3 miles from Kuttayi; Trikkanapurani about 

5 miles from Triprangod and Kuttippuram about 2 miles from 

Trikkanapuram. 

‘‘ The noise of the first two loud reports is said to have been 

heard at various places in Malabar. The Tahsildar heard it distinctly 

at Ponnani which is 4| miles south of Kuttayi. A gentleman who 

lives close to my own bungalow at Calicut (30 miles north of 

Kuttayi), also says he heard the noise ; while a?U)ther enthusiastic 

gentleman claims (I believe) to have heard it at Cannanore which 

is 60 miles north of Calicut. 

‘‘I am sorry I cannot give you more definite information on the 

points referred to in your letter, but such information as my officers 

have been able to get has been gathered from villagers who arc 

not exact observers of physical phenomena.” 

The following list gives the weights of the fragments and the 

names of the places in which they wore picked up : 

259 A 

259 B 

259 C 

259 D 

259 1^: 

259 F 

259 a 

259 H 

259 1 

259 J 

259 K 

259 L 

18,2S(> gms, 

10,989 „ 

3,371 „ 

3,993 „ 

738 „ 

427 „ 

221 „ 
200 ,, 
121 „ 

03 „ 

no „ 

9 „ (Small 
mcmtH 
duHt.) 

frag- 
and 

259 is the number which the meteorite bears in the Geological 

Survey register of meteoric stones. In the new catalogue its number 

is 194^ 

^ The new catalogue of the ract-orite collection i« now in the cress and will shortly 
bo published. 
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A, R and C. which are parts of the same large stone and easily 

fit together, foil in Kuttipjmrain. D, E, F, (J, 11 and 1 fell in Trik- 

kanapurain, J in Triprangod and K in Kuttayi. The map (Plate 

20) shows th<^ iixact position of each of these villages, all of which 

ar<* situated in the [*oiinani taluk of the Malabar District in the 

Madras Presidency Kuttayi is on the coast in hat. 10'' 51' : Long. 

75" 511'. Triprangod in Lat. 50|' : Long. 75^^ 57', is 3^ miles 

further inland in a line 2" south of east. Trikkanapuram is 7.\ 

miles from Kuttayi in a line 9^' south of east and is situated in 

Ijat. 10' 491': liong. 7f»" 1', while Kuttippuram where the largest 

stone fell is in Lat.. 10" 50J/ : Long. 70'^ 2', miles from the 

coast at Kuttayi, in a line 2" south of east. 

It. would aj)p(‘ar therefore that a large meteor, travelling with a 

low trajectory, apjjroached the Malabar Ch)ast from the Arabian 8ea, 

in a direction a few degrees south of east, and bursting into frag¬ 

ments, sc.attered [)oi1.ions ot itself over the villages mentioned, for 

th(» gn‘at<*r mouK'ntum of the larger stones would cany them further 

than the small ones. (Confirmatory evidence is supplied by the 

J^eputy 'l^ahsildar of Tirur who reported that the direction of the 

flash which accompanied the. fall w^as from west to east at Kuttayi. 

Froni the small size of the Kuttayi fragments, and the large dimen¬ 

sions of th(‘ mass which fell in Kuttippuram, it seems to me that 

little if any of tin*, material was lost by falling into the sea. 

Description of the Kuttippuram Stone. 
This large stone is broken into three pieces and part of the 

fi'ojit and lateral surfaces are missing. These injuries may have 

be<*n caused by its impiict on reaching the ground, or they may 

have b<‘en inflicted later by inquisitive persons. For this reason it 

ih i]n])ossibh^ to describe exactly its original shape, but the larger 

])ortions which remain give a very good idea of what that shape 

was. Standing on the broken area and looked at from the end 

the meteorite has the appearance shown in PI. 7. from which it 

seems to bo sonx'what ])rismatic. On the whole it is perhaps best 

to d(‘scribe it as a very irregular tetrahedron, with one corner 

re])lace(l by the flat face seen in PL 7, and modified of course by 

the broken and missing })ieces. In this position it measures 28 cms. 

(I I inches) in height, at tlie end shown in PI. 7, which is believed 

to be the rear face, decreasing to 18 cms. (7 inches) at the front 

face or “ brustseite,’' which is smashed. Its length is 32 cms. 
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(121 .inches), and its greatest breadth in a line approximately per¬ 

pendicular to this is 31*5 cms. (12^ inches). It weiohs :i2,r)l)9 ^tns. 

The specific ^i»ravity of this lar^e mass has not been taken, but that 

of the smaller piece 251) IT is 3*558. As will be seen latel y the various 

fragments which comprise this fall are of a very uniform composi¬ 

tion, and there is no reason to believe that the specific graviiy of 

the large mass differs very much from that of the smaller piece. 

The peculiar form of the stone is due partly to fracturing, and 

j)artly to the atmospheric erosion to which it has been snbject<^d 

during its passage through the air. Apart from the fact that the 

edge which struck the earth first is marked by a thick deposit of 

hardened, sandy soil, the general shape of the stone, its differ(mc(‘s 

of curvature, the rounding of its edges, the variation in the thi(;k- 

ness and structures of its crust and the distributior) of the j)ittings 

on its surface, all tend to prove thfit this edge was the front one 

during the trans-atmospheric existence of the meteorite. 

In PI. 11, this front edge commences at the rounded (^ormu* in 

the lower right half of the ]>hotograph whei*e it is covenid with the 

brown, sandy earth already referred to, and continues up to the crack 

which divides the face into two pieces, and by means of which the 

portion marked A in the tracing has split off along a slickenside 

plane. | Plate 11. see tracing, for ])ositions of A and B. | The 

remainder of the front edge and face has been broken away after 

the fashion indicated in PI. 8, After photogi’aphs had been taken, 

part of the adherent earth was removed, and it was found to be 

not entirely underlain by crust, some of which must have been 

scaled off at a comparatively lat(^ period of the trans-atmospheric 

flight. Near the corner, the edge flattens into a minor area 3 or 

4 cins. across. 

The greater part of the stone is covered with crust, the excej)- 

tions being the broken end shown in PI. 8, the missing portion 

which comes between A and B in PI. 11, the medial portion of B 

in Pi. 11, and the left hand low^er corner in the same figure. In 

addition to these, there are smaller patches where the crust has been 

removed, usually in the vicinity of the cracks which separate the 

three pieces. 

The edge shown in PL 11, and also those made by the rear with 

the other faces are comparatively sharp, the others are more rounded. 

The sharp edge of the rear face in PL 7, and the flatness of its 

plane, indicate an early fracture along this surface. 
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The ^^reatcr portion of the crust is corrugated with deep pits 

oi piezo<j:]yp)i.s. furrows and channels, caused by the differential 

fusion of tlie upper layers of the stone and not by the combustion 

of included sulphide nodules. On the rear face they are only 

faintly tracn^able and on the top of the stone they are absent. (See 

the top line in Pis. 8, 9 and 11.) They attain their maximum 

deviOopmeiit on the face illustrated in PI. 11, thou;«:h they arc 

also ]>reseut on the lateral faces seen in PI. 8, and in the lower 

part of PI. lO. 

The pits seen in PI. 11 have a circular, polygonal or irregular 

outline, and are «'ither broad and shallow, with low lounded edges, 

sloping giuitly off inlo a moie or less flattened base, or deeper, 

with steepin' sides, making short sharp ridges between them. They 

do not ])ossess any didiiiile arrangement, except in the lowin' portion 

immediately al)o^'e the adherent earth, where a long, funnel-shaped 

depression, with its mouth pointing towards the rear surface, seems 

to have been f)ri)duced by the fusion of the ridges of several pits, 

the remains of which are still visible as low prominences. Elon¬ 

gated depressions of approximately elliY)tical outline, })roduced by 

twn) confluent pits, are also present. The average diainetei of the 

better-marked pits is about 2 cms. The minute limvs of crustal 

drift in the, pits themselves show no particular distribution In the 

great majority of cases, but occasionally they are seen to radiate 

from the centre. Below' the adherent earth in the low^er right hand 

corner of PI. 9, there, are two long furrow's, one much deeper than 

the other. The larger is 1 cms. in length. 1 cm. in breadth, and 

over 1 (an. in depth at the ceuti'e. in a general way both of them 

point from the front to the rear of the stone, showing the. direction 

of the air currents ])y w^hich they were produced. 

The pits which are visible on the face sc^en in the lower left hand 

poition of PI. 11, and in the lower right hand ])art of PI. JO, are 

not so w^ell developed as those just described. Instead of the deep 

j)its, broad shallow' ones occur, with dianu'.t(u*s up to 1 cms. across 

and circular or elliptical outlines. These are made uy> of smaller 

depressions wdth badly defined edges. The minute irregular net- 

w'ork of the crustal drift is more in evidence on this side than on the 

former one, but it does not exhibit any particular distribution. 

The crust itself is thicker and has scaled off a slight promi¬ 

nence. All these phenomena point to a diminished air resistance on 

this face. 
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The opposifce lateral face is seen in PI. 8. The part which lies 

in shadow on the upper left hand corner of the print contains 

several shallow elongated depressions, the long axes ol which 

point towards the rear end. The rest of the upper poi'tiou of this 

face consists of a broad triangular area, next to the shadowed 

portion just described, a roimded and smoothed surface above this, 

and a larger space below and to the right, covered with depressions 

the long axes of which are orientated at right angles to the direction 

of flight. The lower part, below the crack, is round(^d oil into the 

lower section of the rear face and is comparatively smooth. The 

triangular area contains a deep groove, which has a hmgth of 8 cms., 

a breadth of 2 cms., and a c]e])th of 2 cms. below the general 

surrounding level. It possesses a curious short continuation at 

right angles to it on the left hand, evidently produced by con¬ 

fluence with a dee.}) pit. As th^ })hotograph shows, its lower 

bounding ridge is steep and sharp, but the up})er ridge is low aiid 

gives place to four shallow^ pits of polygonal outlines. Tlu^ (‘.entral 

owo of these are separated by a ridge fi*om a confluent depres¬ 

sion above th:m. On the upper surface, just visible in the 

photograph, is a deep triangular pit, while on th(‘. extreme* left, 

a circular one with an inner crateritorm ring is situated. Above 

these again, there is a small, but deep, flat-bottomed depre,ssion, 

close to an (dongafced pit and surrounded by four smaller ones. 

Although the elongated de})ressioiis which occupy tlu*. lest of this 

portion are distinctive and arranged with their long axes pointing 

in the same direction, they have neither the dc})th nor the steep¬ 

ness of those on the front face. (PI. 11.) 

The rear face is seen best in PL 7. With the exoe})tion of a 

patch on the left, it * is crusted. It is crossed by two fractures, 

which divide it approximately at right angles. Small shallow pit- 

tings are found over the greater part of its surface, often merging 

into one another. They are not uniform in shape or distribution. 

Large areas on the top and at the upper right hand corner possess 

a scooped out appearance, and are lined wilh small depressions of 

an average width of 1 cm. The crustal drift lines are longer and 

more thread-like than those of the other faces, but all they show 

is a radial arrangement, as if they were produced by heaping up 

from a centre of fusion. Here the crust attains its maximum 

thickness and its greatest irregularity of surface. The face itself 
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appears to have been originally a fracture plane, and its edges are 

more or less sharp. 

The Crust. 

Takeii on the whole the crust of the stone is remarkably uniform 

in thiekiiesb and only the, slight differences already mentioned have 

been noticed. It is of a dull i)lack, lustreless colour, with a few 

small circular or elliptical patches of shining black. These when 

touched with a file prove to be fus(‘d metallic, grains. Sometimes 

they project as small rounded kno))S. The general appearance of 

the crust indicates a iK^arJv felspar-fix^e stone of the olivine-pyroxene 

ty])e, which it has indeed ])roved to be on petrological examina¬ 

tion. Kven to the naki^d oye. the surface of the crust is roughened, 

and when examimd with a lens the roughness is seen to be caused 

by minute irregular threads, which form anastomosing systems, or 

a kind of lattice work pattern, over the out(u‘ crust of the entire 

stone. I kmii this structure minutely scoriaeeoiis.'’ because under* 

a lens it has a cindery ayrpearance. which T legard as the result of 

fusion. Large areas of th(‘ crust are of a greyish-black tint, but 

this is only due to the accumulation of dust particles in the minute 

slaggy pores. Other parts show a few small scattered rust spots, 

and a certain amount of brown stiiiuing is present, wliich has been 

caused by the contact of the crust with the soil. 

Internal Appearance and Structure. 

The interior of the stone is of a uniformly light greyish-white 

ap])earance. Ibider a lens, white and light grey minerals can 

be seen, together with srnalL though we 11-distributed, metallic grains. 

In ])laces small globules of a light bronzy troilite occur. The 

chondritic structur*e is hardly a])jnirent to the naked eye, yet, very 

rarely, small spherical chondri do project. Darker grey patches, 

3 or 1 rnms. long, are also found here and there. The stone 

is traversc^d by very delicate black veins. In the large mass, 

eleven of these are prtrsent and at least seven of them are approxi¬ 

mately parallel. They gi*eatly resemble thin lines drawn by a 

hard lead pencil. The stone is a typical veined white chondiite, 

Cwa. 

Perhaps the most interesting peculiarity of this stone is the 

large slickensided surface along which the piece A, and the missing 
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portion above it, have broken off. (See PI. 11 and tracing.) PI. 

9 is a photograph of the stone with this part removed, and PL 10 

a similar lepresentalion taken in a side light. This large slicken- 

sided surface is approximately sejuare, and has an area of at least 

240 sq. cms. It is not an exact plane, as the surface exhibits a 

little rolling. It must continue down and to the right, but there 

is no indication on the cnist to show whore the two meet. The 

slickensided surface is covered by a shining black, graphitic-looking 

substance, stained a dull red in places by rust. Its patchy ap¬ 

pearance in the photographs is due to fragments sticking to the 

opposite sides aft(U‘ separation of the pieces. The parallel veins 

described in an earlier paragraph meet the slickenside plane at an angle 

of approximately 115*^. Lines of weakness of this nature in a 

stone would naturally cause it to shatter along such a position on 

receiving a severe impact. It is curious to observe that the plane 

aiiproxiinatelv coincides with what I believe to be the direction of 

flight. 

An attempt was made to polish a surface of the piece numbered 

2r)9Fr, but owing to the friable character of th(^ stone this was 

found to be practically impossible. On the smoothed surface, 

light grey chondri with rounded outlines can be seen. They have 

an average diameter of 1*75 mms., Imt occasionally reach 5 mms. 

The groundmass is white and is abundantly sprinkled wutli small 

sulphide and metallic grains. Light brown ferruginous stains, al¬ 

though usually found close to most of the metallic points, are more 

strongly in evidence along a black vein which traverses the speci¬ 

men. This seems to prove that liiie metallic jmrtich^s are present 

in the vein. 

Composition and Microstructure. 

Under the microscope in thin sections, the chondri aie not seen 

so well as they are on the smoothed surface of the stone. The 

microstructure as a whole is a confused, fine-gramdar one (see 

PL 15, fig. 1), with few chondri and fragments of chondri, not at 

all well differentiated from the rest of tlie groundmass. 

Olivine and enstatite, in about e([ual ([uaiitities, are the principal 

silicates present. A monoclinic pyroxene which simulates the rhom¬ 

bic form, and is only to be distinguished by its incliued though 

low angle of extinction, occurs in small amounts. There are also 

a few clear grains which I take to be felspar. 
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Olivine and enstatite are also the chief minerals in the chondri. 

The former is found in the familiar monosomatic, polysomatic and 

ribbed forms. The latter, which is the more abundant of the two 

as far as the chondri are concerned, builds the usual fan-like radiat¬ 

ing structuies, which are often broken and imperfect, and also 

dense lu^arly crypto-crystalline masses. When these are examined 

under high powers they are seen to be composed of closely packed 

mosaics of small irregular particles of enstatite, with an occasional 

olivine granule. This structure is not like that of minerals 

crystalizing from a molten magma. Though not exactly analagous, 

similar structures have been observed by Merrill in the Henderson¬ 

ville meteorite, though in this case the fragments are imbedded in 

a cement. Merrill is of opinion that the structure in the case of 

the American fall, is suggestive of a partial recrystallization of fine 

detrital material as seen in sundry metamorphic schists.^ 

Sometimes the radiated enstatite chondri are edged with small 

opaque grains of nickel-iron, troilite and specks of a black graphitic 

substance. One small olivine chondrus has a circular border of 

this mineral and a band of it down the centre, the two segments 

being filled in with minute olivine and enstatite grains. It also 

includes a few grains of metal and sulphide. Another unusual 

chondnile has rod-like olivine crystals set in an opaque black 

ba(.‘kground, with a ragged irregular edge partly in contact with 

the granular olivine and enstatite of the groundmass and partly 

separated from it- by a discontinuous zone of clear felspar 

grains. A similar form of polygonal outline is almost completely 

surrounded by a zone of water-clear felspar grait^s, the centre being 

opaque for the greater part, though speckled in places with minute 

trans})aren^ point s. Intel growths of olivine and enstatite also 

occur in the chondri. In one case two series of long rods of the 

fornu^r mineral meet at a wide angle with interpenetrating ends, and 

the spaces botweei\ them occupied by enstatite. The outlines of 

the chondri occasionally seem to indicate compression as they are 

flatten(^d and not perfectly circular. The diameter of the best 

develo])ed ones is approximately I mm., a few are larger, the great 

majority are smaller than this. 

A microscope study of the groundmass in section revealed an 

exceediugly confused aggregate of olivine and enstatite grains and 

' 1*. Morrill: Nolos on tho (lompoHitioii and Stmoturo of the Henderson¬ 
ville, North Caiolina, met<'oritt>. Proc., U. S. Nat. Vol. XXXJI, pp. 79— 
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particles, interspersed with metallic nickel-iron, sulphide, and a 

few specks of a black, graphitic mineral. Occasionally there is a 

small, monoclinic pyroxene grain and a little felspar in small gra¬ 

nules which exhibit bright grey polarization colours. The olivine 

grains are the largest, and although a fevr tend to show crystal 

outlines, the majority possess veiy irregular boundaries. Hoth 

the olivine and enstatite grains are much broken and lissured, 

though they are remarkably clear and free from clouding and inclu¬ 

sions. The larger grains are set in a finer matrix, which under high 

powers is resolved into the same minerals with the same confused 

arrangement. No true gla.:;s was observed. The enstatite of the 

groundmass sometimes builds flat tabular forms hut is geiuMully 

present as anhedral grains, rarely showing a few opacpie inclusions. 

The Opaque Minerals and Veins. 

The opaque minerals are bright metallic nickel-iron, a light 

bronze sulp}iid(‘ and a black graphitic substance. They o(H'ur in 

rounded or irregular grains, separated or in juxtaposition, and also 

form larger irregular shapes. Sometimes the iron and sulpldde 

grains have a kind of broken linear arrangement. The graphitic 

matci‘ial has been seem to enclose portions of the fine granular giound- 

mass, and it is evidently related to tlie substance which fills the fine 

veins. The latter pierce both groundmass and chondri indiscri¬ 

minately. Sections cut esj)ecially for the study of the veins reveal 

complicated systems which branch in a most irregular way, enclosing 

the granular groundmass which does not appear to have sufl'ered 

any alteration thereby. (See PI. 15, figs. 3, 4.) The broader veins 

have a continuous inner lining of the opaque black gra})hitic mineral 

and are occasionally filled with sulphide and a little metal. 

Petrographical Characters of the Crust. 

The crust is usually *8—*9 mms. thick and easily divisible inf.o 

three zones. A well-defined outer layer approximately *05 inms. 

thick. Inside this there is a clear layer com])Osed of olivine and 

pyroxene grains, running into and not sharj)ly differentiated from 

the third and thickest layer, which has a porous slaggy appearance, 

opaque for the greater part, but pierced with clear particles of the 

same crystals, olivine and enstatite, in places. In one section which 

was examined a large olivine crystal extends across the three 
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zones. It is bordered by a black opaque rim on the outside ; in 

tlie second zone it is practically unaltered; in the third zone a 

black substance has developed and spread out from the cracks, 

leavin" a lUitwork of clear unaltered material. The inner border of 

the third zone, where it joins the rest of the stone, is well differen¬ 

tiated and no alteration continues beyond it. 

Description of 259 D. 

This is a bio irro^iular ])iece broken from a still larger mass. 

Its general appearance is shown in Pis. 12 and 1‘k Standing on its 

flat (‘nd it measures H)*5 cms. (TJ inches) long, 14 cnis. (5J inches) 

in maximum Ineadth, and 9-5 cins. inches) in maximum thick¬ 

ness. The flat end shows a few, broad, shallow depressions, some 

of which have been produced by the confluence of smaller pits. 

The op]>osite end is pointed, as the photograph shows, and is marked 

with shallow confluent pits separated by broad gently sloping 

ridges, and by a long funnel-shaped depression which is continued 

right across tlu' storn*. Where tins meets th(‘ face shown in PI. 13, 

it is 1 cm. across, but it widens out to over 4 c.ms. on the opposite 

side. It is boumled on the left by a sharp ridge, on the top of 

which there is a thickening of the crust. The opposite ridge is 

more strongly developed at the lower end only. The drift lines, 

when they possess any dehnite direction, cross the funnel. Below 

it the obtuse end sharply meets the face shown in PI. 13. This 

is covered with large and small [)its, the broadest and deepest 

of which on the lower j)art exhibit radial drift lines. Th(‘ face 

meets the fiat end in a right angle, the edge being quite sharp. 

A recent fracture* of the ston<% crossed by the typical thin 

black veins which distinguish this meteorite, is shown on the left 

of PI. 13. The opposite side, not shown in the photographs, 

consists of larger and smaller faces running the entire length of 

the stone. Depressions do occur, but the majority of them are so 

broad and flattened out as to rather deserve the term undula¬ 

tions. The most interesting feature of this stone is the face 

shown in Fig. 12. It is a trans-atmospheric fracture over which 

a thin crust just devedoped before its impact with the earth. The 

irregularities of the fracture surface are barely crusted over and there 

was not sulHcient time for a general smoothing down, or for the pro¬ 

duction of pits. The irregubrities are accentuated in the photograph 



Part 3.] CoGoiN Brown : New Jndian Meteorites, 221 

The crust. 

by a light brown earth which adheres to the bottoms of some of 

them and which was undoubtedly picked up when the stone fell. 

As a whole the crust is not so dull as that of the larger specimen 

and it contains more numerous and bigger, 

brighter patches. The crust on tlie obtuse end 

and on the side shown in PI. 13 has a lustrous black colour and is 

marked with drift lines, minute scoriations and small ]uojecting 

blebs of fused metal. The crust of the flat end has developed a 

series of minute intersecting shrinkage cracks. 

The general appearance of the interior of the larger stone and 

, this one is so much alike that a separate 
The Interior. i • x* • rni ■ i 

description is unnecessary. The veins have 

not the same parallel arrangement, producing rather an irregular 

network, while one large spherical chondrus, 9 mms. in diameter, 

projects from the fractured surface. 

I have attempted to fit this meteorite, which is so evidently part 

of a much larger stone, on to the big one but it does not coincide 

with any of its fraxitures. 

Brief Descriptions of Smaller Specimens. 

259 E, is a corner piece partly covered with crust showing pits 

and depressions with very well-marked, radial, drift lines. Both 

the crust and interior are very rusted. Veining and slickensiding 

are present. See PI. 14, fig. 4. 

259 F, which is illustrated in PL 14, fig. 1, is partly covered 

with a smooth, rather shining, black crust. Its interior is not so 

rusted as that of the previous specimen, while thick and thin black 

veins and a small patch of slickensiding are present. 

259 G, II, I and K, illustrated in PL 14, figs. 7, 5, 3 and 6, 

are interior fragments which present no unuMial features^ They 

might be bits broken from the interior of one of the larger pieces so 

far as appearances go, though neither the\’ nor any of the other 

smaller pieces can be fitted together, 
259 J, shewn in PL 14, fig. 2, is a small crusted fragment 

showing well-marked veins and troilite inclusions. 

THE SHUPIYAN METEORITE. 

In the summer of 1913, Mr. C. H. Middlemiss and the late Mr. H. S. 

Bion of the Geological Survey of India, noticed a meteorite in the 

F 
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Srinagar Muvsoum, Kashmir. When the desirability of having a speci¬ 

men of every Indian fall on exhibition in the Imperial collection in 

Calcutta, was rc^presented to the Durbar, His Hi<ihness the Maha¬ 

rajah of Kashmir kindly presented the ))iece which is the subject of 

this note. Accordinji: to Mr. H. S. Bion, who was workin;^; in Kashmir 

at the time and who collected all the available information about 

the stone, there are two other piec€\s in the Srinagar Museum, a 

lar^e one wei^hin^^ ap})i'oximately 4,050 ^mis. and a smaller piece 

about the same size as tin* one presented to the (^ilcutta collection. 

The latter weighs 201-5 mns. The lar^e piece is said to be com¬ 

plete with no broken surfaces of any size, covered with a black 

crust showiiyu' thumb marks and lines of tlow.^ Mr. Bion believed 

that the CVilcutta sp(‘cimcn was broken off the smaller piece. 

The fall is reported to have taken ))lace in May or dune 1913, 

and from anotlier source in April 1912, at Shupiyan, Lat. 71' 50' : 

Lon^’. 33” 43', the .specimens l)ein,i» collected by th(‘ local police 

officers and forwarded to the capital of the State. As Shupiyan 

is a lari^e villa,ue with a post office, it is quite |)ossiblo that, the fall 

may not have occurred in the })lace itself but somewhere in the 

surroundiu" district. No I’urther details of any kind are available. 

Description of the Stone. 

The general appearance of the specimen can he seen from the 

photo^rapli, PI. 1(), iisi;. 1. whick is about natural siz('. it measures 

9*4 cms. in greatest lenyth, cms. in greatest breadth and 3 cms. 

in maximum thickness. It has a specific gravity of 3*()70. The 

surfaces seen in the j)hoto<jfraph are crusted, with the exce])tion of 

the upp(‘r riaht hand corner. The undersurface shows the fracture 

where it was broken away from the larger mass. This surface 

thou^^h dirty and discoloured is sufficient to prove that the stone 

is a brecciated ,uTey chondrite, (\ab. The interior is of a light 

ash-grey colour and the texture firm, exhibiting a few small chondri 

and rust s[)ots. Since the photogra})h was taken, the piece has 

been cut in two for further study, and tlie smoothed surface of one 

of the sections clearly shows a fine brecciated structure together 

with abundant, small, shining grains of nickel-iron collected into a 

short metallic vein in one place. The chondri are of a darker 

* .\fn*r iJiof'r wvvo wvittrii Mr. Ui<*ji ]>hot:ogr{i|)h^ of tJio l»ip 
pif-co, Pis. IS and lb. 
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shade than the oroundmass. The larij^e face shown in the shadow 

on the plioto^iraph is covered with a thin, dull black crust which 

adheres hrmly to the interior. Under a lens the crust appears 

minutely roughened and traversed by a few cracks. The only 

pittin^^s visible are those on the narrow side face. They consist of 

two lai\i>e depressions, approximately 3 ems. in maximum diameter, 

made up of ^rou])s of smaller pits. 

Microstructure of the Stone. 

Thin sections prove that the stone is coarse-arain(‘d, with the 

chondri, which are mostly circular or nearly so, well (lifferentiat(‘(l 

from the aroundmass. Tlie latter consists of a coarse granular 

a<^^rep'ite of the usual silicates, olivine and (uistatite, in the majority 

of cases cojisiderably rust stained. lrre,uular ^uains of nickel-iron 

are well distributed through the mass, while a few troilite oninules 

and small a?nounts of a. black am()r])]ious substance are also pre¬ 

sent. Enstatite in felted masses of radiat(‘d needl(*s, or minutely 

crystalline grains, with an occasional inclusion of an olivine ^ranuh^, 

and olivine in th<‘ ,i>?’ate or baiTcd variety are tl.(» common minerals 

of the cbondri. One of the lattcu* contains a, tabular, ])orphyritic, 

enstatite crystal and a j^rism of oliviiu‘- toj^ether with smaller 

orthorhombic ]\vroxene individuals. A polysomatic chondrule of 

olivine has the borders of eacli individual marked olf l)y a narrow 

oj)a(|ue zone of ^r(*yish inclusions. Fra<;ments of broken chondri 

hav(' been seen in the <.»roundmass. 

me KAMSAGAR METEORITE. 

The Kamsaf^ar meteorite is reported to have fallen in Kamsa^^ar 

villajuje of the Channtvgiri taluk, Shimo^a J)istrict, Mysore, about 

1 n.M. on the 12th November 1902. It is stated that a rumbliiif^ 

noise was heard and that the meteorite was (piite hot wheai piched 

up. With these remarks Dr. W. E. Smeeth, State fleolo^ist in Mysore, 

forwarded the meteorite to the (ilcolofrical Survey of India, a ^ift 

from the (tovernment of llis Highness the Maharajah of Mysore to 

the Calcutta collection. We have to recoid our indebtedness to 

Dr. Smeeth and our obligation to His Highness the Maharajah for 

this interesting and valuable donation. 

The stone is an almost complete individual, of tetrahedral 

shape, broken into two pieces. It weighs 1,203 gms., and has 

F 2 
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a specific gravity of 3*526. Resting on the rear face which is the upper¬ 

most one in 1*1. U5, fig. 2. it measures 9*5 cms. in height, 12 cms. in 

breadth and 93 oins. in thickness, approximately. The general 

appearance of the stone is perfectly indicated by the photographs 

and need not be described. The angle of the tetrahedron which 

forn)(*<l the front, and which p(»ints downwards in the photographs 

is rejJaced by a flattened face, marked with a few circular or elon¬ 

gated shallow pits. The crust on two of the tetrahedial faces, 

seen on the right in PI. 17, figs. 1 2, is fairly smooth. On the 

lateral face s<^en to the left in PI. 17, fig. 1, the actual (;rust sub¬ 

stance is smoothei than elsewhere and there are four well-marked 

grooves running fioni T-h(‘. front to the rear of the ston<\ The crust is 

thin and dull black with minute, glossy black blebs. On the rear 

face it is thickened and rougher and has a n)oie scoriaceous appear- 

anc:f‘. The usual minute shrinkage cracks are well developed and occa¬ 

sionally the crust assumes a brownish-black tinge, mon^ ])articularly 

at the bottom of the grooves on the lateral face previously mentioned. 

The interior of the stone is light ash-grey in colour, with light 

chondri, fairly abundant specks of nickel-iron aiid some troilito. 

The latter mineral tends to congregate in pat(?hes, a large one of 

which is visible^ at the fracture. It is a typical intermediate chon- 

drite with the formula Vi. It is of a firm texture and takes a good 

polish. 

Composition and Microstructure. 

The stone is composed of the silicates olivine and enstatite, 

with small quantities of a rnonoclinic pyroxene, and perhaps a 

little felspar. The other constituents are nickel-iron, troilito and 

grains of a black, opaque substanc.e which n)ay be of carbonaceous 

origin. Sections show that the structure as a whole is much 

coarser grained than that of the Euttippuram fall. The separation 

of the chondii from the gi'oundmass is usually evident enough, but 

not by any means as sharp as in the case of the Shupiyan stone. 

The chondri are in most cases filled with enstatite (see PI. 15, fig. 2), 

in coarse or fine radiated cr^^stal forms; sometimes a filling of 

cryptocrystalline grains of the same mineral occurs, or oven a 

combination of both these structures. Olivine chondri are rarer, 

of more inegular outline, and smaller dimensions than the enstatite 

ones. They are either granular or ribbed and in the latter case 

appear to be built up of alternating layers of olivine and glass. In 
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the groundniass large porphyritic olivine crystals are common with 
pieces of chondri, set in a paste of fine silicate grains. Ijarge 
crystals of enstatito with sharply-defined outlines aJlso occur in the 
groundmass. Troilite is easily recognised by its bronzy lustre, and, 
though usually separated, it is sometimes in contact with the irre¬ 
gular nickel-iron grains. Staining of tin' silicates by decomposi¬ 
tion of the nickel-iron is quite common. The }>lack, amorphous sub¬ 
stance is found in n)inute grains and larger irregular pieces, which 
in one instance includes small olivine grains. AVhen in contact the 
sulphide sometimes partly envelopes the nickel-iron and thus ap¬ 
pears to be secondary to it. Linear inclusions of the black, amor¬ 
phous body were noticed in one olivine ciystal. Minute oliviiu' 
crystals are also included in the nickel-iron. 

Crust sections show three zones : an outer opa(jue black layer, 
very thin, and generally removed in the preparation of the slide ; 
an indefinite inner layer, o})aque to translucent, containing the 
remains of silicate grains ; and an inner opaque layer with a few, 
small slag-like por<\s containing silicates. The inner edge of the inner¬ 
most layer, although ii’iegular and crenulated. is sharply separated 
from the rest of the stone. Flattened blebs of nickel-iron occa¬ 

sionally penetrate the crust. 

EXPLANATION OF PLATES. 

Platks Kiitiii)purani jnotoorito. 
14, Kigurks I-7.—Small fragimmts of (hr Kuttippuram rm^tooritc. 

Plate lo, Figgre J.—Microphotograph of tlio granular groundnias.s of the 

K u tt i I>1)11 j-am in(4rorit(*. 
Figgrk 2—Microphotograj)!!of chondri in (he Kamsagar mc(eori(e. 
Kjggres Jj, 4.—Micropho(ographs showing tlic intiricato vein aystcm 

-of the. Kuttiiipuram meteorite. 

Pj.\TE K), Figi’ke 1. -The KShujuyan meteorite. 
t’iGGRE 2.—The Kam«agar meteorite. 

J’l.ATL' 17. Fkg're 1.—Th(‘ Kamsagar meteorite. 

I^Tgcre 2.—The Kamsagar meteorite. 

Plate 18.—The Shupiyan meteorite. 

T4.ATE 19.—The Shupiyan meteoritf*. 
Plate 20.—Map of part of xMalabar distriet, where meteoric stones fell on 

April 6th, 1914. 
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The dentition of the Tkaoulid Genus dorcabune 
BY Guy E. Pilgrim, D.Sc., F.G.S., Assistant 
Sn peri lit end ent, Geolofdcal Survey of India. (With 

Plates 21 to 23.) 

The Dorcahnnv was foiindcMl by t he ))res(Md writ nr* in 

1910 [()!■ (‘(‘rtain iipjx'r and lower molars ocfuirin^i in the Lower 

Sivsaliks of Cldiiji, r-dern'd I0 Hie sin^l(‘ s])eei(*s Dnrcahane anlJira- 

cothero ides. 

An additional sj)(‘(‘i(‘s was added io the ^(‘luis in 1912 wdien 

1 stated^ that the mandible (({. S. 1. N(». B.JOb) (i^L^nred by Lyd(‘kl<cr 

in P<d. Ind., (I0). Yol. 11, pt. 5, V\. 21, 1. under the nann* of 

Anlhracofherinni silisfrense JVntland, shoidd ;ather 1)(‘ eiinsidered as a 

speei(‘s of Dareabnnc more closely allied to the ^enus DorcftIheritnn 

than the sp(‘ci(‘s Dorcahnne anlhraealheroidcs. 

Tlu‘ d(‘scri|aion ^ivim by me was brief and it is Hine tliat. a fnller 

account of tin' (hmtition shoidd be publislaal. especially sinc(‘ much 

more maliu’ial has accumulated, and the place of tine ^nmus is no 

longer in any doubt, wdiich miu[ht in th(‘ first instance' have been the 

case. 

Idle discovery of lower premolars of a specie's intermediate in 

size betwe'cn D. anlhrarodferoides am) ihe om‘ ii,i>ur(‘d by Lyd(*kk('r 

by their structuri' am[)ly conlirms my first ojiinion that, the' ^<‘nus 

was j-elated to Dorcalheriani. I did not howe'vei’ j'calize' until 

later how' neaily cinlain forms of the European sjiecies DorcaflieriiDn 

crassinn .Milm* Edwards, ]'<*s(*mbhHl tin* Indian ^eiuis Dorcahnne in 

regard to Hu'ir braidiyodonty a.nd Ininodonty. The e'xistc'nce of the 

double fold in the piotex'one of tlu' u[>jnn' molars semns, howe'ver, 

too important a difleri'uce from DorcafJierinnt crassmn, to permit us 

to place these Indian forms in the same oe^uis as the European 

species. Moreover the other s}M‘cies of Dorcathcri}ntt and in particidar 

the Indian species differ markedly by their hyjisodonty. 

* (it new Mammalian Gmiara aiul from tho Ti'i tiarics of Jndui, 
1{k'. Surr. Jmim, XL, p. US, 

“ UiLn im, Tlic \'ritrl)rati* I anna of tlio Uaj Stairs in ilio Bugti Hilts and ili(‘ Vunjab, 
Pal. Jmi.f New Serios, H', iNIom. L’, p. 47. 
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It is possible tliat this double protoconal fold reju’eseuts a vestige 

of ail ancestral protoeonule, servin<j[ to conned tlie ^enus Domi- 

theriuni with tin; genus Crifptomerijj' Sidilosser, an affinity which 

Schlosser has already suggested.* 1 have (dsewlieri' (‘xprvssed the 

opinion that the o-cusjied molar arose from a f-cus})ed (‘ondition, 

but 1 am now inclined to defer to Osboin's contrary theory. The 

similar protoconal folds of Telnintodon, fJenn'inerffx aiid Choeromerfix 

suggest by comparison with BraeJu/odus, Meri/cops and Ilifoboops a 

distinct possibility of a fusion of a former protoeonuh*- with the 

jirotocone. 

I propose to assign th{‘ various specimens referable to tin* gmius 

Dorcabuvr to live distinct species, of whicli the names and strati- 

graphical horizons may b(‘ taken as the following: — 

(1) Doreabunc sindiense, which occurs in moderab^ alnindaiuui 

the base of the Lowoi* Mauehhar zou(‘ of Sind, 

but has not Ixmui found at higher horizons. It may, 

thendore, le considered as a tortouian sp(‘cies. 

(2) Doreabunc anihrueotheroidcs, iairly jilentifnl in the Phinji 

zom*. but ap]>arentl\ also ]>resent in the Ijower Man- 

(hhar zom* of Sind, judging from a fragmentary m.^. 

Jt th(*refore ranges from the torlonian to th(' sar- 

matian. 

(.‘^) Doreabunc hifaemoschoides^ also fairly plentiful in the Phinji 

zone and therefore sarmatian in age. 

(4) Doreabunc lUKjru, aj)|)aiently characteristic of tlie Nagri 

horizon of the Middle. Siwaliks, w4iich may be consi¬ 

dered as lower j;ontian. 

(5) Doreabunc lafidens (Syn. A ntliraeolheriuin siJisfrensc 

Pentland jiars, Lydekker). This sp( ci(‘s is l:nown by a 

single mandible figur<‘d by Lydekker. .\s its lix.-al- 

itv is recoi'df'd as Tlasnot it s(‘ems proliabh* that it 

ocrairred in the IJhok Pathan zone of the Middle 

Siwaliks and may therefore lie considered as upper 

pontian in ag<\ 

1 Sc hlosscr, I’citrasrc zur Kciirit )iss Sau"'tlsi‘‘?Ti‘st<‘ fiu-> (J(‘n Sud dnilsuhen 

P>(>hn'‘m‘n. ic fnL Ahhmvtt. I.\ (1912), p. 
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DORCABUNE ANTHRACOTHEROIDES, Pilgrim. 

Pl. 21, FIGS. 1, 2, 7, 8. Pl. 22, figs. 4, 5. 

Rf'C. GfoL Surv. Ind., xl, p. 68 (1910). 

This is the largest of the species of Dorcabiine and far exceeds 

in size any species of Dormiheriuni. The type maxilla containing 

the three molars is figured in Pl. 21 fig. 1, while lower teeth are 

figured in PL 21 figs. 7, 8 and PL 22 figs. 4, 5. The dimensions of 

these teeth are tabulated on pages 235 and 236 along with those of the 

other species of Dorcahnne and Dorcaiherium. 

Upper molars.—The most striking feature of these is their 

braehyodont and bunodont. character, which gives them a difierent 

appearance from most s])ecies of Dorcalherunn and reminds oiu'^ 

rather of an Antliracotlieroid such as Tebnalodon, Even in such a 

species (d Dorcallmium as 1). crassnnt, in which the actual height 

of the crown is no greater tha»\ in Borcahnve. yet a difference is 

noticeable in the height of the cusps and th(‘ shallowness of the 

valleys which separate tin* main cones. While the inner cones are 

truly selenodoiit tlie outer ones are (piite bunodont and absolutely 

conical in shape. The rib on the outer side of the paracone and meta- 

con(‘ is so broad and prominent as to occupy almost the whole 

space between the styles. This is especially th(' case with the rib 

of the paracone in which the outer surface is in fact entirely rib. 

This feature is very much less marked even in the most bunodont 

sp(‘cies t)f Dorcatliervum. The parastyle and mesostyle are Tiiassive 

and isolated. The metastyle is much less pronounced. This pro¬ 

minence of the outer styles is characteristic rather of the Anthra- 

cotheroids than of Dorcafheritint. At the same time wdtli w^ear 

the mesostyle, instead of showing the loop connecting the para¬ 

cone to the metacone and })elonging equally to both of them, clearly 

dis}>lays its closer union with the metacone, tending to complete 

with it the postero-external crescent which characterizes Dorcatherium 

and the later ruminaTits. I am bound to say that the species Dorm- 

theriinn crassum approaches the genus Dorcahvne in this particular. 

The most important distinction betw^een Dorcabime and Dorca- 

therinm is in the construction of the protocone. This instead of 

being a simple crescent is more pyramidal in shape and displays 

three equally strong folds, one proceeding forw^ard and outward, 

the second backw^ard and outw^ard and a third backward with 

a tendency sometimes iiuvard and sometimes outward. This struc- 
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ture is identical with that of the upper niola-s of Tehmiodon, Hemi- 

ytieryx and Gonotehna and, as J have observed above, po.ssiblv 

represents a vestii^e of an ancestral protoconule, sucli as (Jryptomeryx, 

according to Schlosser, the ancestor of Dorcatherium^ possesses. 

It remains only to notice the strong (inguliiin, which runs on the 

hinder and front edges of the crown as well as on the inner side, 

but which is very much more pronounced round the protocone. 

This often rises into a tubercle between the protoeone and the 

hypocone. The wljole surface of the. enamel is adorned with a 

series of moderately fine branching stria:'. 

Lower molars.—These exhibit almost every essential fold of tlu^ 

enamel which cliaracterizes the lower molars of Dorcathcrium. Tlu* 

differences between the two genera may be summed up when we 

say that Dorcahune is more brachyodont and bimodoid than Dorca- 

theriunt. This distinction, however, tends to vanisli in the species 

Dorcatherkwi crassuw. 

The following are tlie main strnctiira) h'.atures visible in the 

various cusps of tin* lowei- molars of Dorcahune. The two anterior 

cusps are each so folded on their j)osterioi* edg(‘s as to form two 

short ridges, of which the one adjoining tlu' mid line of the tooth 

joins its fellow of the other cusp. The ridge on tlu'. internal side 

of the tooth soon stops short, that on the, external side joins the 2nd 

external cusp. The anterior ann of the antero-external cusp ends 

in a broad shelf parallel to the anterior margin of the t-ootli. 

Of the two hinder cusps the internal one is conical, sending out 

only a short process anteriorly in the direction of the mid line 

})etween the two anterior cusps, while the. external one is crescentic. 

The anterior arm of tlie crescent joins the external process of tlie 

antero-cxtemal cusp ; the posterior arni runs inwiird and completely 

encircles the posterior base of the postero-internal cusp. 

As far as the present species of Dorcahum goes, it may b(' noticed 

that the fold of enamel which connects the hinder j)orth)n of the 

autero-external cusp to the postero-external cusp is slightly weaker than 

in any species of Dorcatheriuni. This equally, however, separates this 

species from the other three species of Dorcahune. In Dorcatlieriuni there 

is a tendency for the internal portion of the valley between the first 

and second lobes of the tooth to be partially blocked by a strong process 

which connects the inner (i.e., nearer the centre of the tooth) part of 

the antero-internal cusp with the postero-internal cusp. In side view 

this process can be seen to project backward from behind the small 
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inarf^inal win<; of this cusp. While the inside part of the valley 

is thus blocked in Dorcaiherium the marginal portion of the valley 

is open almost down to the base of the crown. This is less markedly 

the cas(‘ in Dorcatheriiim crassum and in Dorcabune is not at all so. 

In tile present species of Dorcabune the process mentioned above 

in fact runs toward the inner branch of the antero-external cusp 

rather than towards tln^ postero-internal cusp. 

The sj)ecies Dorcabune a.nlhracoihcraides dilfers both from Dorca- 

iherium crassum and from the three other sj)ecies of Dorcabune 

by its shorter and i)r()ader 3rd lobe to m.^. It faces almost entirely 

forwards and its ii^lernal branch almost rests on the base of the 

internal ciisj) in front of it, leaving s])ace only for the most minute 

creniilated tubercle which is slightly extended transversely, but 

in any cast* does not dis[)lay the elongation which occurs in the case of 

the corresponding im)(‘r tulx'rcle of all tin* species of Dorcnfhervnn ami 

also in the other three s})ecies of Dorcabune. In the Indian s])ecies 

of Dorcatheriuin, D. via jus and D. minus, this 3rd lobe of m., faces 

almost entii’ely inwards, and its inner branch is much lower than 

its outer branch, whih' in Dorcabune the two branches ai‘c of equal 

h(‘ight. 33iis as well as the other characters of Dorcafheruim uiafus 

immtioned abov(‘ can b(‘ noticed in the mandibular ramus figm'ed 

in V\. 23, tig. 2 of the present paper and collected from the Nagri 

horizon of the Middle Siwaliks at Nagri in the Salt Eange. 

There is a strong anterior and posterior cinguhun on the two 

front, juolars and an anterior one on the 3rd molar. Median tuber¬ 

cles are also present at the external entrance of the valleys in m^ and 

nio and smaller ones in the valleys in m,^. 

Lower premoJars.~~~'V\\c only positive knowledge we have of the 

lower ))remotars in this species is alTorded by the 3rd lobe of pm^ 

which is in alreolo in front of m^ and 1112 in the s[)ecimen (0. S. I. 

B. 083) figured in Tl. 21. fig. 7. This exhibits a sort of crescent facing 

inwards and backwards, which seems to agree moderately well with 

pm^ of Dorcatlicrium crassum except that the hinder arm of the 

crescent does not nm so far to the inside of the tooth as in that 

species. It is e<jually distinct from the pm^ of Dorcabune hyae- 

mosvJioides for the sanu' reason. Dorcaiherium majus and minus have 

a very much smaller and less massive 3rd lobe, which moreover is 

not cn\s(‘enti(‘. Still more important is the fact that no inner wing 

is visible. f]i Dorcaiherium such a wing runs backward from the 

summit and bounds the inner side of a deep elongated cavity, which 
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opens on the postero-internal an^^le of the tooth. It is of course 

possible that such a vvinj:]^ exists in Dorcahune anUiracoiheraides, but it 

does not reach the 3rd lobe. It is, pcrliaps, more pr()l)able that the 

shape of pm^ in Dorcahune anthracolheroides is more like that of 

pin„^ in Dorcatheriuiii and in Dorcahune hffaeinoschoidcs. 

We may, perhaps, ]>rovisionally assign to tliis sp(*eies the frai^uent 

from Chinji, figured in Pi. 21, tig. 8 ((1. 8. 1. No. B. r)88), which is the 

front portion of a Tragulid pm^, as it seems too broad to have 

belonged to any other. 

DORCABUNP HYAE/VIOSCHOIDES n. sp. 

Pl. 21, FIG. 0. Pl. 22, FIG. 23. Pi.. 23, fjg. 1. 

The type of the })resent species is the mandible fi;4nr('d in Pl. 

23 fig. 1 ('oiitaining the molars and the last two prcunolars. 

The species is d(‘cidcdly smaller th.an D. (uilhracolhcroides. In tlie 

r(‘Spects in whicli it differs from that sjiecies it approximates to 

Darcathcriian crassuni. Th(‘ d(‘i)th of the lamus is jnoport-ionate- 

ly greater than in Dorcolhcrlum crassnm. Tliei'e is a fairly deep 

groove starting laun^atli pin^ and running backward Ix'hind tlie teetli. 

Such a groove exists in Dorcalherium majus and minus and in 

Dorcahune lalidens, but not in D. natfrii, 

Loiver molars,—The cusps are h‘.ss bunodont than in D, anthra- 

co/hero ides. The front arm of th(‘ antero-(‘Xternal cusp does not 

end in a similar biuad fiat shelf. The 3nl lobe of m„ is narrowau’, 

long(‘r and mor<‘ pointed. It is also more distant from th(‘ 2nd 

lobe since in addition to the (*longated internal tubercle an external 

ridge comiects it with the- 2nd external cusp. 

Lower 'jrremolars.— Iffierc is not the sam(‘ disjiroportion in 

length between pm^ and pm.^ that is the case in Dorcalltcriunt 

crassswm, pnij Ix'ing only slightly inferior to juiig in this respecd. 

It should however lie observed that pnij in Dorcallieriuin majus 

is also longer than in D. crassum. 

Pm^ is a broad tooth consisting of three lolx's of wliicli tli(' middle 

one is the highest and longest and the first and last are m'arly ecjual 

in length though tlu' 3rd lobe is probably higher when unworn. 

The latter is very massive and is somewdiat crescent-shaped, the 

crescent facing inwards and forwards, its hinder arm running out 

to a level with the internal margin of the tooth, in which respect 

it differs from the corresponding tooth of Dorcahune wnthracoi her aides. 

A small notch sc[)arates this arm from a long wing which runs 
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backward from the summit of the principal cusp and forms the 

iiiiier wall of the tooth. This w’ing is separated by a deep, elongate 

cavity from the crest which connects the principal to the liinder 

lube. The stoutness of this 3rd lobe constitutes an important difference 

from Domitherinm. 

Prrijj is a slightly longer tooth than pn»^. It consists of three 

lobes, of which the middle one is the highest and longest and the 

other two are ecjual in height and size. Neither of them is as 

stoutly built as in pni^^, but this applies especially to the 3rd lobe. 

This is crescent sha])ed, but the liinder arm is much less strong than 

in pnij. There is no inner wing on the inner side of the 3rd lobe 

as is th(‘ case in pm^ although the commencement of an analogous 

structure may b(‘ s(‘<‘n as a slight groove on the hinder side of the 

]>rincipal cusp. On the \Nhole the structure of this tooth would 

app(‘ar to be similai’ to that of pm^ iii the species D. antkraco- 

(hcroides, so far as we know the latter. 11ie Bid lobe is however 

much stouter in the latter species. 

Upper molars- -The upper molars of tliis species seem hardly 

to differ at all from thos(‘ of Donnbune anthracothcroides excej)t bv 

th(‘ j)ossession of higlu*r and slenderer cus])s and a rather less promi¬ 

nent parastyle. Tlui specimen (G. 8. I. No. B. 587) figured in PI. 21, 

lig. G, has a small additional fold on the hinder side of the protoconc 

in addition to the three main ones characteristic of the genus. 

DORCABuNE L ATI dens n. sp 

Plate 22, figs. 7, 8. 

lSH.*r .\Hdtr(ir<fth< rnim rS’iltAlrmsc ; l^y<lcLk(‘f ; hull.mi T<‘I tiary .muI 
1 n.N( Tcrli.in V(Ttv l)r.a(i», /W. Jnd. [I0|, vol. 11, pi. T), p. lr>i, J>|. 24. figs. 1, la. 

lnj2. l^ofndKine .sp.—I'llgriiii : Tin* \'( rU bratc Kuuna of I hr (laj S;‘ric‘.s in the Jiugti 
Hills :uul thr I’uiijal). Pal Ind.. iww srrirs, \ol. IV, mom. 2, }). 47. 

I have referred above to the mandible (G. 8. 1. No. B. 106), 

on which this s2)ecies is founded. It remains only to state my 

reasons for separating it from the mandible (G. 8. I. No. B. 104), 

which Lydekker first described under the name of Anthracotheriuni 

panjahiensc. but subsequently referred to AnlhracotJieriuyyi silis* 

trense Fentland. The lattci- mandible was figured for the first 

time by the present writer^ in 1912 wdiile a better figure 

is now given in PI. 22, fig. G. That specimen is undoubtedly 

^ JMl^j;nni, The N'ertebrate Fauna of the Gaj Series in the Bugti Hills and the Punjab, 
Pul. Ind.. now series, IV, mem. 2, PI. 14, tig. 2, 2a. 
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Anthracotheroid and probably belongs to the same species as 

Anthracotkerium C^.)Microhmodon silisirense Pentlaiid. The last lower 

molar of another mandible (G. S. L No. B. 590) is shown, double 

the natural size in PI. 22 fig. 9. This may also be referred to 

the species Anthrcmtheriutn Mlcrohnnodoii(i.) silistrense and can 

readily be compared with of the present s])ecies of Dorcabinie 

which is refigured with a similar niagnification in i^J. 22, fig. 8. 

The following important differences (‘xist between tin* two mandibles. 

The one which I assign to Dorcahme is much deeper and the molars 

ar(* much broader. The ant or o-external cusp of the molars pos¬ 

sesses on its hinder side the double fold characteristic of Dorca- 

iherium and Dorcahune. of which the external one runs across thi‘ 

valley to unite with the anterior branch of the postero-external 

cusp. In the other jnandible, as in Microhunodon, there is no 

such double fold on the hinder side of the antero-exteinal cus]), 

while the anterior branch of the postero-c^xtornal cusj) sends a 

fold of enamel not to the antero-ext(‘rnal cusp, but diagonally across 

the valley to the antfuointernal cusp. Further, in th(‘ 3rd lob(‘ 

of nig in the latter mandible tlu‘ external branch of the crescent 

ruiivS more inward than in the other so that the arms of the crescent 

are more squeezed together; moreover tlnnu^ is no inner tuberch\ 

In structure it corresponds exactly with Domthtute htfoctnoschoides, 

differing from Dorcafherium by its bunodonty and brachyodonty, 

although the distinction between it and DorcafJiertvm crassttm is not 

a great one. It is entitled to specific distinction from D. aniltracoilw- 

roides and D. hyaemoscJtoides on account of its much smaller size*. 

The breadth of its molars and the dept!) of the mandible distin¬ 

guish it from each of the other species of Dorcahunc. including D. 

7ingrii, which is of approximately the same size. 

The upper molars of this sp(‘cies are unknowji. 

DORCABUNE NAGRII n. sp. 

Pl. 21. FIG. 5. Pl. 22, FIG. ]. 

This species is represented by three mandibles showing the molars, 

and an isolated upper molar. The structure of all these specimens 

leaves us in no doubt as to its generic identity with Dorcabwte 

hyae^noschoides. It is hard, indeed, to find any difference between 

the two species, except one of size. The cingulum on the upper 

molar is, however, very faint and the fold on the inner side of the 

protocone is less well defined. The cusps of the lower molars are, 
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perhaps, rather higher and more slender, approximating 1o the con¬ 

dition of Dorcafherivm crasamn. 

From D. lofidens, with which it agrees in j)()int of size, it can 

hv distin<^nished hy tlie smaller breadth of tlie molars and the in¬ 

ferior ilepth of the mandible. 

DORCABUNR SINDIENSE n. sp. 

Pl. 21, FKJS. 3, 4. 

This specnes is founded upon two upper molars, two fragmentary 

last lower molars and fiv(‘ specimens of front lower molars, which 

were obtained during the iield season of 1011-15 from near the base of 

the Low(‘r MaiU'hhar zone of Sind in th(* neighbourhood of Bhagothoro 

by Banhirn Behari (bipta, held coll(‘ctor to the Geological Survey. It 

is a}){)r()ximat(*ly lh(‘ sanu^ siz(‘ as the s])(‘ci(‘s Dorcalnote nmfrii, but 

differs markedly from th(^ Nagri sf)ecies by its much lower moi’c' 

bunodont- cusps, l)y tlu' stronger development of the })arastyle and 

by th(‘ ])res(‘nce of a stremg cingulum especially wcdl pronounced on 

th(^ protocoiK'. 1h(‘ bj'achyodonty and bunodonty of the genus is 

much greater in this s])('ci(‘s than in D. nnthracoiheroides and the 

parastyle is stronger than in the lattcu*. In fact the rt'semblance of 

the uj)})er molar hgun‘d in PI. 21, fig. 3 to an Anthracothcroid such 

as Tchmtodon is more than fanciful. The lower molai's differ hardly 

at all in structure from those of the other specic^s of Ihmdmne, 

Thc‘ anterior arm of tlie antero-external cresccuit is, however high, 

ratht^r shar})-(‘dg(‘d and narrow and encirch‘s th(‘ antero-internal 

emsp instead of terminating in a low, broad cingulum-lilce area as is 

the case in D. anthracoiheroides and the other sjxciis of this genus 

which have been described above. 

The eliurjK’ters of the gc'inis Dorcahune may be summarized as folloTvs:— 

Artiodaetyl allied to J)oTmfheriuw, but bearing tracivs of derivation from a 
more primitive type such as Cruptomiryx (jaudnji Sehlosser; attaining about 
twice the size of tlu* largest known species of JJorcatheritun; dentition more 

bunodont and braehyodont than Dorcatherium. 
Upper iKoJars : ])rotocone with a triple fold (? vi'stigial protoconule), as in 

some Anthraeotheroids Tdmatoilon, Heniimenjx, outer styles and ribs strong 

and prominent, but mesostyle in wear attached to tlu' metastyle, with a tendency 

to form a postero-external crescent. 
hnnr molars ; with the double fold on the hinder side of the antero-cxternal 

cusp chara(‘t(‘ristic of Dorcutheritwi ; process from the Idndcr side of the ant('ro> 
internal cusp not prolonged so as to block the inner entrance of the median valley 
as in Dorcathfr'uon ; 3rd lobe of 1113 with a inner tubercle, both branches of the 
cix'scent equal in lu'ight and facing mostly forwards. 
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Lower premolnrs ; pm4 .‘i-lobod ; .‘ird lube niassivc, crescentic ; a well defined 

wing proceeding backward from the summit of thi' 2iul lobe to a varying distance 

from tb(^ hinder margin of the tooth, and separated by a groove or cavity from tlie 

crest which connects tlie 2nd anr! ‘Ird lobes. pm.«i slightly longiT than ]>m4. .*Mob(‘d ; 

.‘Ird lobe much less massive than in pm.i; ^^ing not jirescnt behind the 2nd lobe, 

only a shallow^ groove on its hindm- face. 

Measarewents of Dorcatherkm and Dorcabune Itmrr tevih. 

" Leiijrti, 10 7 ISO 28-7 ' 30’0 23 J 2i 7 

Jirciidtti ii-i 8 a 0-0 14-0 1 1<*’0 12-8 U 1 

M.. ^ Ihiiilit 14:5 0-0 0 0 10-0 1 J2-2 0 8 lO’O 

Jlei^ht y loa 
l.rlijith 

Ul-'J. r.a 0 aa-a ao 0 ao 5 42 4 16 0 

n-.'i 12 .'1 Il-O 10 7 , lO-f) 1.7-1 1.7 2 11 0 

Pircadtli JO 0 7 :> 8-0 12 6 14-7 12 0 , 11 0 0 6 

ITeifitit j:b-j o-O O’2 7 1 

llrojulth100 
^ I.eliptb 

02-a 00-0 7..7 75-4 7.7 4 70’.7 72 4 6M ,7 

( Lenf»<h 1:. 7 108 JI'O 16 2 18 6 13 8 

Preadtli Oo (}-8 7 0 10 0 11-0 10 0 

M, ^ 1] eiKlit r>-o 

nreadtti >' 100 

^ l.dlUtll 

(ior) oa 0 6a-<) 65-2 64-0 72 .7 

( T.CTiptll 17 a 100 1 10 r, 16-6 

Pill, -!{ nrcuiitli ()-2 4-H 46 1 8-4 8-1 

[ Height 8-7 0-0 I 0-1 

r Length 17 7 i 11-r. 17-8 

Pin ,•< Jlreadth 4-0 60 

[. lleiRtit 1 1 i ».i i 1 

beiiKlti 14 a 11 ri 

Prii:.X J^roidtli 4 a a-7 

t Reijtht 0 4 .va 

Di jitli of maiuliblc Ix low 
iroiit lobe of 1113 

28 a 
! 

28 1 

1 

22 3.7-5 34 8 20 

Depth of maiidibley K'O 

l.fiijtth of in a 

1 Ha-2 , 

1 

108-2 122'2 123-7 ir>0’6 ' 123-0 
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Measurements of Dorcatherium and Dorcahune uf'per molars. 
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'' Length 20 J n-4 12 18‘9 21-4 14-6 14*8 

M, llreadth H»-2 Jl‘6 21*3 26-8 16*7 I(r8 

1 Weight 14 0 9-9 10*3 13-1 (\'7 

r Ijcngtli ' H)-0 lO-ft 11 21-7 13-4 

lirc-adth j 11)0 1 i2-:i i 
j 

25-7 14-4 

1 [ Height 1 

1 
Length , 10 18-0 1 

j 
M, } Hrc'adth j 23*1 1 

1 ̂ Height 1 
1 

EXPLANATION OF PLATES, 

PLATE 21. 

Pfg. ].—Dormhunc miihracotheroi<h>}s Pilg. ](^ft maxiJla with nij to m3 

] side view from oiitsido, la surface view, natural size. 
Prom the Lower Siwaliks of C'l)injj, Salt Range (OeoL 
Siirv., Ind., Ko. B. 580) ...... 

Fio. 2 - -Dormhavv (tnihracothcrohifH Pilg. last l(‘ft up})er molar, 
surfaee view, natural size. Prom the Lower Siwaliks of 

(yhinji, Salt Rangt*. ((Jeol. Surv., Ind., B. 581) , , 

Pjo. ,‘k—Dorcabinn aindiensc. n. sp. last left upper molar, 3 surface' 

vi(^M 3a sidt' view from ^mtside natural size. Prom the 

Lo^\er Manclihar horizon of Bhagothoro, Sind (Oeol. 
Surv., Ind., No. B. 598) ...... 

P'U}. 4.—Dorcahune siiuliensc n. s]). a front right lower molar, surface 

view, natural size. Prom the Lower Manchhar horizon of 
Bhagothoro. Sind. (Oeol. Surv., IjuI., B. 601) 

Pio. 5.—Dorcahum nagrit n. sp. last right upj:)er molar 5 surface 

vit^w 5(7 side view' from outside, natural size. Prom the 
Middle Siwaliks of Xagri, Salt Range. (Oeol. Surv., Ind., 
ISIo. B. 590). 

Pia, 6.—Dorcahune hxjamoschoidesn. sp. last right upjK^r molar surface 

view natural size. From the LowTr Siwaliks of Chinji, 
Salt Range (Gcok Surv., Ind., B, 587) . . . . 

Page. 
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Pagk. 

Fig, 7.—Dorcahutte rnUhraccdheroides Pilg. right mandibular ramus 
with JUi and n).> and the* liiiuh'r portion of pnij in (tlvtofo 
7 sido viow from outsido 7a surfaco viow, natural size. 
((:}eol. Siirv., Ind., No. B. 5811). From tho Lowxt Siwaliks 
of C'h'.nji, Salt Bango ....... 250 

Fig. 8.—Dorcahuar atithraadlivtoides Pilg. (?) front poriion of right. 

pm., surfa(;o vi(^w natural size . From tho Lowor Siwaliks 
of Chinji, Salt Range, ((ieol. Surv.. Jnd., No. H. 588) , 251 

PLATE 22. 

Fig. 1.^—Dorcahune noijrii n. ap. loft mandibular ramus with mo and 
in.3, 1 sido vif^w from oiilsido, la surfaco vit‘W, natural size*. 
From tho Middle Siwaliks of Nagri, Salt Range. (<JeoI. 

Surv., Ind., No. B. 591) ...... 255 

Fig. 2.—Dorcaimne htiaynof^clioKles n. sp. last right lowca* molar 2 
surfaco vi<HV 2(i sido vi(^w from ootsido, natural size. h>om 
th(‘ Low(‘r Siwaliks of (Uiinji, Salt Range. ((jIooI. 

Surv., Ind., No. B. 58(»).251 

Flo. 3,—Dorcahunr hifa mt^schoidcs n. sp. 2nd right lower molar surfac<* 
vi(^w natural size. From llu^ Lowoi Siwaliks of (liinji. 
Salt Raiigti {(j!<‘oI. Surv'., Jnd., No. 589) .... 251 

Fig. 4.—Dormhnne anIhraaMheroidcs Pilg. last, kdt low(‘r molar 4 
surfaco vi(nv 4a sid(‘ vi(;w from outsidi*, natural siz(‘. 
From tho Lower Siwaliks of Chinji, Salt Ranges ((*(‘ol. 

Surv., Ind., No. B. 582). 229 

Fig. 5.—Dorcabintp anihracolheroidcfi Pilg. 2nd left lowei* molar, 
surfaco view, natural size. l"rom th(‘ Lower Siwaliks of 
Chinji, Salt Range. (Cool. Surv., Ind., No. B. 584) . 22J> 

Fig. 6.—Anihracotlierlvni (? Microha nod on) silislrcnfip P(‘ntland right 
mandibular ramus with m.. and lUa surface^ view, natural 
size. From th(^ Middle Siwaliks of the Punjab. (Ckjol. 

Surv., ind.. No. B. 104) ...... 

Fig. 7.—Dorcahune jaddens n. sp. (?) left mandibular ramus with 
m^ and lUg surfaee vk^w natural size. From the Middle 
Siwaliks of tho Punjab. (tJool. Surv., Ind., No. B. ItlGn) 252 

Fig. 8.—Dorcahmie latidcnft n. sj). last right Ioavcu* molar from tho 
typo ramus with m,—m^ surface; viow ^ 2. Frt)iu tho 
Middle Siwaliks of Hasnot, Punjab, ((jlool, Surv., Ind., 

B. 106). 232 

Fig. 9.—Anthracotherium (? Microhunodon) mlistrense Pont land last 
right lower molar from a ramus with nu—nio surface 
view y 2. From tho Lower Siwaliks of Chinji, Salt Range. 
(Gool. Surv., Ind., No. B. 596) ..... 230 

G 
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Fig. ] 

Fig. 2 

PLATE 23. 

,—Dorcahuiie hyrrmoschoides n. sp. right mandibular ramus 

with m 1(j |)m 1 surfaoo view la sido vi(^w from outside' 

natural size. From the LoweT Siwaliks of C'hiuji, Salt 

Range. ((Jeol. Surv., Ind., No. B. 585). 

.—Jkmaihfrinm- mtvjns Lydekker left mandibular ramus Avith 

m;j to ])mu only the rteots of pm., jmssent 2 sidc^ view from 

outside, 2a surface view, natxiral size'. From the Middle 

Siwaliks of Nagri, Salt Ranges (Leol. Siirv., Tnd., No. 

B. 503). 

Pagk. 

231 

230 
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On Hematite Crystals of Corundiform Habit from 

Kajlidonghi, Centrai India. By L. Leigh Fermor, 

D.Sc., A.R.S.M., F.G.S., Superintendent, Geological 
Survey of India, (With Plate 24.) 

The crystals that form the subject of this note wei'c collected 

by jue. at the Kajlidongri jiiangaiiese-ore (jiiarry early in J905. 

They were found in an excavation near cross-cut No. 1 (s(‘e Plate 

19, Mem. (ieol. Sure. Ind. Vol. XXXVJI) as a small ])atch in a 

quartz vein at its junction with the manganese-ore penetrated 

by the vein. Except at this one spot the (juartz vein carried c.rystals 
of hollaiiditc. 

Tlie crystals were investigated crystallographieally in (alcutta 
arid found to belong to the hematite. grou[) of mimuals. The total 

amount of material in my ])()ssession was very small, but one crys¬ 

tal was sacrific/cd and examined by the ordinary meiliods of (|uali- 

tative chemical analysis, iron beiiig the only elejtient detected. 

From this it was concluded that th(* mineral must be hematite 

ill spite of its unusual crystallographic habit. 

In 1911, when at Cambridge on Study Leave from India, I 

took the opportunity to resume my examination of this material ; 

and at this point J must take the opportunity to exjiress my indelit- 

edness to Prof. W. Lewis for the facilities granted m(‘ of work¬ 

ing in the Mineralogical Laboratary, and to Dr. A. Hutchinson 

for kind help given me in the study both of these h(‘matite crystals 
and of the hollanclite crystals to In*. discussf*d in another 

paper. 

The material available consists of (1) a specimen about 3 cm. 

square showing about 10 crystals of hematite, which range up to 

mm. diameter on the basal plane and o cm. in iengUi, and rest 

in association with quartz on very fine-grained manganese- 

ore, consisting of psilomelane with a little admixed finely crys¬ 

talline braunite; (2) a small piece measuring 14 mm. x 8 mm. 

and showing about a dozen hematite crystals ranging from 1 to 

g2 
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3 mm. across the basal plane; and (3) some half a dozen loose 

crystals broken olT the foregoing specimen for purposes of measure- 

ment.i Th(‘ whole of this material is registered in the collections 

of the ({eological Survey of India as J. 950. 

As will be seen from the se^juel. these crystals show a series 

of steep hexagonal pyramids truricated by the basal })lane, with a few 

minute bevelling rhombohedral faces, and a narrow e^juatorial zone of 

prism faces of the same order as tlie pyramids. The crystals are 

implant<‘d and. therefore, only singly terminated, with one single 

exception, where the crystal is lying on its side on tlie surface of 

specimen No. 1. The lustre of many of the crystals is splendent, 

])articulaily on the basal plane and the faces of the chief ])yi'amid 

x(Oll): conse(|uently, in spite of a network of fine lines due to 

ianiellar twinning paralh'l to the fundamental rliombolicdron, these 

crystals have aiforded excellent ijuages, giving data suitable for 

the c.alculation of the value of the axial ratio. 

Th(‘ goniometric measurements are summarised in the two 

following tables, tlie first giving the data 

The forms identified. rolativ(‘ to the zone [ca) or [1:21], which 

may be terme<l the bij)yjamid zone, and 

tlie second the data relative to tlie rliombohcdral zone^s cr or 

[Ollj and (c-Ji) or [jl('|. In the biiiyramid zone the ])rinci})le forms 

present are the basal }>lane c (111) and the bipyramid of tJie second 

order x (t)] t). In addition there is a succession of bipyramids of the 

second order rejiiesented by a series of narrow faces and parallel 

striations. Amongst tlicse the form c' (7 15) is at times well developed, 

wliilst the forms X (i)\o}^ 1 :i7) and {,')] I tt)), are almost certainly 

piesent: th(‘ two last are new forms to which the letters S and 

J have been assigned. In addition there are numerous other linear 

reflecting bipyramid faces, giving images that are usually very 

faint and blurred, lendering the readings uncertain, and making 

it dihi/*ult to decide to which of two possible forms a given 

leading should be referred. (onse(|uently. although it is almost 

certain tliat some of these additional foims really exist on 

the civstals studied, yet each of them must be regarded as 

doubtful. 

^ Thew* HIV ivfcr H(1 t(i Hh (Mus. 1 to (j in thib j»a|K'r, anil a crystal mt'a.suivd 
on jsiH'cimeu (2) is No. 7. 
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Table 1. 

List oj jaces in the bi'pyramid zone ca. 

Annie with cor HI. 

1 Syiuliol ! 
Lctler 1 ]ctcrn-(l to j 

Syn\t)ol 
icfciicil to 
hexanonai 

llXeh. 

AlEASrtlKU. 

axc^. 1 
^Tuinbei 

of 
rtiidiiifis 

iiiuini'. Mciili. 

Calculatkd, 

<4 
j'llano c (ill) - O'O' rirscllf. 

Jlpxan^nnl Inpyramiils of 
the bccontl uiilrr 

X (r>i:<) (448:5) 74''41t'—7.V'8' 74 ’.'>8' 74 28' 

1 

I’ll Wilt, 

r (ll'ii-7) (:5:ji“2) 1 70 2' 70' 2' 70"8' j IJncerlain 

! 
1 (fill) (:,•:» TT) :5) ' 17 77 11'—77'’40' 77 28'* 77'28' 1 Vresent 

8 77^J«'-'77“rM' 77'':50' 77 '28' Itclow eipmUo' 

(i:f2-Ii) (1IJ1'22-(1) 1 7H'‘J7'--7H"4.V 78 :50' 78",54' lincerlaiii; lieu 

(71 ii) (2211) 20 7))' y—;j' 711 ':50' 70'':!0’ 1*1 ('sent. 

(i:>2-fi) (i:i-i;5-2««) 
j 

:5 80''2l'—H(I':15' 80 20' 80' 18' UiicciUiii iiev 

' (Hin) (7-7 n-:!) :5 80°I7'“8I''!I' 80' jM' 80',.0' do. 

i 
; (i7-2-ri{) (It:)")!) 

1 
81"31' 81':U' do. HIM 

i 

1 
1 (hi 7) (H 8 ni-:5) 82' 4'- -82 2:5' 82 14' 82":.r d(t. 

' (IM ft) nf)H»-20‘3) 2 K.5"|!»'—83 :5!l' 8:: '20' 8:5''30 do. uc\ 

i (12‘1 lU) (ll-Jl-72-5) i ! 1 84'’25' 81'27/ 84'14' do. IIC\ 

j (IH-l-fo) , (17-J7-iri-3) 
i 
i 80'17'—8t)'-22' 1 8ft"10' 8tno' j do iiev 

s (21)-]-^) 1 (28 28-^-3) 

i 

7 
i 

j 87''40' 

[ 
87''4;5' Vrcsciit: ncA 

1 ' {r.11-4!)) 

i 

1 

j (50-r8l l0(l-3) 

1 
i 

' 88'40'—H8'H8' 88'‘44' 88"44' do. nev 

Icxagonal prism of second 
order ! a 

‘1 
1 

i (11»I) 

i 
1 (iml J2 

1 
1 8ir:S7'—h0'’3«' 

i 
00’2' »0"0' do. 
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Table 2. 

List of forms in the rhombohedral zones er and c»j. 

Anglo with c or 111. . 

■ 

lettrr 
synitjol 

Symhol Symbol 
rrli m'd to i lotVrrid to 

rliombolii'clral iic.xaRoiial. ' 

MfiASUKEl). 

1 
llXl'H. axes. ; 

NiimlM'r 
of 

;i’fadinKh.! 
iliUlgi'. 

i 

Mfuii 1 ' 

1 

CULATKI). 

BmhI c (Ill) (0001) 1 - 
' 

- 1 ~ o“u' i riT.si’nt. 
i 

lUiomboliwlra 
1)11cel ' t (KKI) (lofl) , •] .'»7 2:}' 57'55' 157^18' 1 PlTKCnt. 

hi V (■!«(' „ 
U 

(i»ii) 2 r>6'50'- 50'4-1' 58"17' .57-'18' do. 

I)... (I7-17T.) (i-oeid) 1 2:e:i:V 2.5 2.5'':l«' UiicdUiin : lie 

1)0. r u•iV2:h s jH'i.')'- 18 ;>2' , iS'^d?' 18'42' Pk'scmI; tic 

1)0. I4 0-4 21) , 1 10M8' 1 10 18' ltv;{2' lliu'ci laii); iic 

1)0. t2.V2.V14) (iro-iT-oi) 1 ' 1.5"0' 11 .50' do. JK! 

I).». (771) (lolo) 1 l4'-':)0' 1 14 'iO' li":!:)' 1 do. no 

1)0. (i:C0i2-86) 1 1 |:r20' ' Id 20' i:ci.5' do. nc 

1)0. j {H8.'.) , (I0l7) I 12'Id' ' 12 10' 12 22' do. 

1)0. j 1 (:{:i2) 1 (loTs) , 1 
, 

10'42' lie 4 2' iri' do. 

The prism of tlu' second order a (10|) is represented by one 
these narrow facps, and separat-ei 8 tlic jiyramid faces above the 
etjuatorial section of a crystal from those below, where develop¬ 

ed. In the table No. I on pa<»e241,thc readings for pyramid faces 

below the e(]uator Jiave been groupt'd with tliose above, exce])t in the 

case of the form x (lilt), where the two sets of readings have been 

separately averaged. In the equatorial zone of these hematite crys¬ 

tals there is often an oscillation of forms causing re-entrant angles, 

and the resultant re])ctition of the same form helps to blurr the 

goniometrie refleetions. 

Indications were obtained of the presence of no less than 11 

rhombohedi’a, amongst which are both the direct and inverse 

forms of the fundamental rhomboheAlron, very minutely deve¬ 

loped when {)resent and consequently giving very poor reflections. 

The sorting of these readings between the direxjt and inverse forms 

r (100) and n (2:31) is, of course, a matter of convention. The 

presence of twinning lamellae parallel to the fundamental rhom- 

bohtxlroii has already been mentioned: it was decided to regard 

these as parallel to the direct form, this convention converting 
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all the other rhomboh^ra present into inverse forms, of whicJi one 

is conspicuously developed on several of the crystals. The faces 

of this form are dull and striated as shown in Plate 24, fig. 2, but 

there is little doubt that they re})resent a new form (28.28.13) or 

(0.0.5.20), to which the letter V may be assigned. The other, very 

uncertain, rhombohedra mostly lie between the above form and 

the basal plane and are apparently the cause of the siriation of 11. 

Plate 24, fig. 1, is a stereogram of the Kajlidongri hematite, in 

which are inserted all the forms the presence of wliich is fairl}' 

certain. The most important of these are shown in figuie 2 

illustrating the habit of th"‘ mineral. 

As has already been mentioned the faces, of these crystals are 

traversed by fine striations, which, as seen 

Twin lamellae. on any face of the form x, consist of three 

j)arallel series; study witli a lens shows tliat 

the three series arc parallel to the three faces of one of tlu' 

fundamental rhombohedra, which is tahen as tlie dirccd form r (100). 

This observation was confirmed bv calculating the angles made by 

the traces of eacli of the faces 100, 010, and 001, on the face (if I, 

with tlie edge between Oil and 111, and comparing the calculated 

with the measured values. The measurement was effected by 

supporting a crystal with wax on a glass slide on the stage of 

a rotating-stage nii(U()sco})e. The horizontality of the fac.e to ])c 

observed was judged by eye and the angles measured by means of 

the ordinary cross-wires of the microsc^ope. The jueasuremcnts, 

thougli somewhat rough, wane sufficiently accurate to confiru' the 

conclusion that the striae arc due to twinning j)arallel to the 

fundamental rhomboliedron, as may be judged from the following 

statement :— 

Angl(‘ w itli odgi- b(‘1 M (‘(‘11 04 1 and 111. 

Striations on at 1. Measchki). 
( ulculiil rd 

Number of 
ri'tidings. 

I Tbingf, 

i._ _ 

IMtan. 

values. 

ParalU'l to r (HK)) 7 47"12'- r)0’24' 4H .'iO' ' 48^’44' 
do r' (010) 7 ‘.ir2;r—32' 10' :ii 28' ;ir:i2' 
do. r"((K)l) 0 .^7'^r)S'—.wio' 58*-24' 

The measurements were carried out on crystals Nos. 1 and 2, 
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The faces of the form x (014*) often show a few striae parallel 

to the edge between ()]4- and 111. Whether these are dUe to an 

os(‘illatoiy combination with other forms in the bipyramid zone 

or are due to parting {)arallel to c ia unknown. 

Tlie faces of both the chief forms c and x have given many 

fine images, and consequently the angle cx has been selected for 

use in the computation of the axial ratios of the mineral. 

On the 7 crystals measured 21 readings of the angle cx were 

obtained above the equator. Of these 

4 were rejected ; the remaining 17 were :— 
The axial ratio of hematite. 

‘"tal N(». \ . 21' 

, No. 2 . 77" 13'. 20', 30' 

, No, 3 . 77^11', 35', 39' 

, No. 4 . 77"40', 30.]'. 31' 

, No. .5 . 77^24/. 

,. No. (» . 77"’3r)|', 31' 

„ No. 7 . . 77^29'. 31 r. 32' 

These give a mean of 77^28', If only 7 of these readings, 

namely 77'^3(1', 30i', 31', 31', 29', 31J', 32', be utilised, the average 

becomes 77^^31'. 
Oonsidering the brilliance of some of these crystals and the 

fine images in many cases, the differences in the foregoing readings 

are surprisingly large. Of these readings 77^^201' and 77^21' on 

crystal No. 1, and 77'^30J' and 77^31' on crystal No. 4, are very 

good values indeed ; and it appears, unlikely as it may seem, that 

there is a distinct difference between these two crystals. The average 

figure 77^28' has consequently been adopted. This gives a value 

for the ratio a : c of 1 : 1 *3495, and for the fundamental angle cr 

of 57^18' 20".^ As a check on the angle 77°28' we have the measured 

values of xx', which arc 58^40', 24', 26', 39', 25', 11', 31', 31', 27', 47', 18', 

3', with a mean value of 58^^27'. Of the above, the four best readings 

were 58^^24', 25', 31', 31', with a mean value of 58°28'.2 The 

value of xx' calculated from cx —77*^28' is 58‘"26'. 

It will be interesting to compare this value for the axial ratio 

of the Kajlidongri hematite with the corresponding figures for 

' 'rht‘ iiK'un of the two fino rt’iadings on crystal No. 1, namely, 77*^20^', piv(^ 
the value whilst the mean of the two fine readings on crystal No. 4, namely 
77’.*10^' give.s a value of V.'hW), for the vertical axis. ^ 

If this were the true value then the value of c would be l'3fit>4, which is close 
to Melczcr’s vahu‘ (see i)age 245), 
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hematite from other localities; and for this purpose we cannot 

do better than consult G. Melczer’s paper ‘ Ueber die Symmetric 

und das Axenverhtiltniss des Hainatit’.^ 

He first comparo^ the results of previous investigators, showing 

that their results do not agree, the best previous values being :— 

According to Kokscluirow 1 : i.3hr>2ino(K»r>. 

Do. Vater 1 : I.:m2i0*(xn5ea. 

Do. Schweitzer J ; l.ltOOo 

J>o. Miller 1 : 1.3504 

In view of this disagreement Meiczer secured hematite crystals 

from several well-known localities and determined their axial 

ratios. He summarises the results as follows [Lc., p. 509):— 

Locality. a. r. Observer. 

Framont, AIsap(' 1 I.HtiOS Selnveitzer and Meip/.er 
Alton berg, Saxony 1 1.3010 Meiczer 
Aftitioial (TyflialH 1 1.3«42 Vat(‘r 
Dognacska, Hungary 1 1..3Hr)l Melczi'r 
Elba 1 1.3052 do. 
Cavradi, S u it /('rland 1 1.3052 do. 
Vesuvius 1 1.30r)2 1 KokselutTow 

Do. 1 1.30.54 1 1 Meiczer 
Do. 1 1.3050 , do. 

Hargita, Transvlvania 1 1.3055 ! do. 
Tavct.sch, S\vitz(‘rlaiid 1 1.3003 1 do. 

From tlie almost identical values obtained for the hematites 

from tlie five localities, Dognacska, Elba. Cavradi, Vesuvius, and 

Hargita, Meiczer deduces the mean value of the axial ratio to be 

1 ; l'36r)4±() 0002, and on the basis of analytical data relative to 

the lieinatite from Klba and Hargita he dcAluces that the fore¬ 

going figure is the axial ratio for jiiire hematite. It seems neces¬ 

sary to suppose, therefore, that the hematites with different axial 

ratios, such as those of Framont, Alton berg, and Tavetsch, must 

contain an apprc(;iable amount of enclosed impurity. Unfortunate¬ 

ly, enough material was not available to allow thii-- point to be 

tested satisfactorily. 
If the axial ratio of the Kajlidongri hematite be compared with 

those in the foregoing list it will be seen that it is considerably lower 

than any of those recorded ])y Meiczer. It must, therefore, be 

assmned that the Kajlidongri crystals contain some impurity, 

which, considering their mode of occurrence, may well be an oxide 

^Ztiisch, KrysU XXXVII, pp, G02, (lOOS). 
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of manganese in solid solution. But, again, it would be difficult 

to confirm this point, firstly because of the small amount of material 

in existence, and sec.ondly because, if some of the crystals were 

sacrificed for this purpose, it would be impossible to be sure that 

the material was free from mechanically enclosed manganese 
minerals. 

Although none of the values of u : c listed above is very close 

to the Kajlidongri value, it is interesting to notice that the mean 

(57^19.1') of the values of the angle cr (ranging from 56^^42' to 57^52') 

recorded by Bucking for 0 types of hematite from the Binnenthal 

is close to the value calculated for Kajbdongri (57°18i')^ 

A comparison of figure 2 of Plate 24 with the figures of hematite 

given in text-books (e.g. Dana) shows at 

HeSf "nf '"corundKo"™ hematite 
habit. of unusual habit: and in fact a search 

in likely places has not led to the dis¬ 

covery of any figure of this juineral showing the form x (fi 1 j^), which 

is tiie dominant form in the Kajlidongri cystals. The nearest 

habits figured are two given by Prof. Lacroix in his ' Mineralogie 

de la France ct de ses Polonies’. Fig. 29 on page 273 of Vol. 

Ill shows a hematite crystal from Blattenberg near Saint e-Marie 

dUx-Mines in France, the principal form present being the less 

steep bipyramid of the second order n (311), a form not detected 

on the Kajlidongri crystals. Fig. 19 on page 266 of the same volume, 

representing a crystal of hematite from Pouzac in the depart¬ 

ment of Hautes-Pyrenees, is veiy similar in general aspect to the 

Indian ciystals ; but, in place of the form x (fill) so characteris¬ 

tic of the Indian crystals the principal form in the mineral from 

Pouzac is z (715). which is a subordinate form on the Kajlidongri 

hematite, whilst x is absent. The Pouzac hematite also shows 

the prism a (101), the basal plane c (111), and the direct and 

inverse rhombohedra r (100) and n (221), all present in the Indian 
crystals, and in addition thin bevelling faces of the form n (311,) 

absent from the Kajlidongri mineral. The resemblance between the 

hematites of Pouzac and Kajlidongri is so striking because the 

fonns X and 2 are very close to one another, making angles of 77^28' 

And 79^30' respectively with c. The resemblance of the hema¬ 

tite crystals from both Liese localities to a common form of 

1 Zeitsch, KrysL, 1, pp. 5(55-574, (1877), and II, p. 421, (1878). 
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corundum is evident at once, and the likeness is heightened in the 
Indian case by tlie presence of twin lamellae parallel to /*, and of 

the horizontal striae, not shown in my figure, which may represent 

parting planes parallel to c. Lacroix compares the Pouzac hematite 

with corundum from Haute Loire. 
In spite, however, of this striking resemblance of the 

Kajlidongri hematite to corundum, it is interesting to notice that its 

principal and most characteristic form x (611) has not yet been 

satisfactorily identified on cotundum crystals. 





ERRATA. 

Page 76, line 22, for guadrala read quadrata. 

„ 77 ,, 18, place R, fvrcilhta Dav. series opposite Fiirci- 

rhiffichia. 

77 ,, 1,2 from bottom, for Capilalw read (Japillatoe. 

,, 78 ,, 28, for sphwToidothyri road sphwroidothyris, 

„ 78 ,, 31, for Plectothyri read *Flectothyris. 

78 „ 32, for Plectaidothyr read Plectoidothyris. 
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Geology of the country near Ngahlaingdwin, 

Minbu District, Burma. By Dr. Cesare Porro 

(with geological map by C. Porro and R. Lewer 

formerly Geologists to the British Burma Petroleum 

Co.,^ and with footnotes and appendix by G. 

DE P. Cotter, Geological Survey of India). With 

Plates 2^ and 26. 

introduction. 

paper is accompanied by a map and sections sliowing the 
sequence of strata, and the structure. The various subdivi¬ 

sions, which will afterwards be correlated with the horizons of 
other mapped areas of Burma, are as follows in asc,ending order :— 

Subdivision 1. Massive sandstones of the Nwama Taung. 
Subdivision ’2. Lignite-bearing shales, with sandstones. 
Subdivision 3. Alternations of sandstones and shales with beds 

containing foraminifera. 
Subdivision 4. Sandstones and shales. 
Subdivision 5. Massive sandstones with interstrati tied shale^s, 

forming the foothills of the Nwama Taung. 
Subdivision 6. Kinmungyon shales, probably ecjuivalcnt to the 

Lepidocyclina iheohaldi clays in south Minbu, which (1. 
deP. Cotter ^ regards as the equivalents of the Sitsayan 
shales of Theobald. 

^ I am indebt^'cl to the British Burma Petroleum Co., T^cl., for ]»ermis^ion to publish 

this paper.—Editor. 
® See G. deP. Cotter, the Pegu-Eoccne Succeftsion in the Minbu district near Ngapo, 

Bee, Geol Svr. Ind„ XLI, p. 232; Theobald, Mem. Geol. Sur. Ivd., X. 

B 
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Subdivision 7. Upper alternations of sandstone and shale. Onlj 

the lower part of this subdivision is shown on the map. 

It consists from base upwards of (1) a zone of sandstones, 

(2) shale, (3) sandstones and conglomerates with shales, 

(4) a thick series of sandstone and shale, which is overlain 

by the basal conglomerates of tlie Irrawaddi series.^ 

Stratigraphically the area may be divided into :— 

{a) The Nwama Taung monocline. 

(6) The median syncline. 

(c) The Ngahlaingdwin anticline. 

Fossils were collected only from subdivision 3.^ 

The topographical map published by the Survey of India being 

of too small a scale (1 inch*=l mile) for our purpose, the chief lines, 

such as roads and streams were surveyed with a piano table by 

our assistant Mr. Rosario, while the remaining details were filled in 

by Mr. R. Lewer and myself by means of pacing and pocket-com¬ 

pass.® Our measurements, after due checking, proved to be suffi¬ 

ciently approximate. 

(a) THE NWAMA TAUNQ MONOCLINE. 

1. Watershed. 

The main ridge of the Nwama Taung extends in a straight line 

from south south-east to north north-west, and rises about 1,200 ft. 

from the surrounding country. It is built of massive sandstones (sub¬ 

division 1) of grey colour, and of a uniformly medium grain struc¬ 

ture. Beds of hard rock with a thickness of from 1 yard upwards, 

are more prevalent than thinner strata, while shale and marl was 

not seen. The character and dip of the rocks determine the sur¬ 

face relief. Only this massive sandstone outcrops on the main 

^ Dr. (’. Porro's scvoii su])*(liviHi<)!i8 of tin* Tortiarios iu*ar N'Lralilaingdwin can now 
Ik* corr(‘lat(‘(l, (thanks to the work of my lato colloa^iuc* H. S. I>ion)with the* sub-divisions 
.‘idoptod by the* CJoological Survey for tlu* Burma Te rtiarios I'lNe'whore*. Thus his sub- 
elivision 1 is the Pondaimg sandetone stupe* (se'e/?er. (i(oL Sur. Inrt.. XLlV, p. Ib4), 
his 2 and li takeui logetlier eonstituti* the Yaw stage* (i^r. (uol. Snr. hi^J.y XL1\\ 
V-p. 52 and 154), his 4 and 5 an* the Shwezetaw sandstones {lice. Orol. Sur. Imi.. 
XLIV, p. Di4), his 6 is the Padaemg Clay {Ree. Choi. Sur. Iud.. XLiV, p. 164), ami 
Ids 7 is equivale'iit to the Pegu stage, using this latter term in a restricted sense (se t* 
Ree. (hot. Sur. Ind.. vol. XLIV, p. 164). while if the t<*rm Pegu be usckI in the broad 
sense delined by K. H. Pasceu* {Mem. Geol. Sur. Ind.^ XL. p. 14) or by myself in a 
pre‘vioiis pa]M*r {Ree. Ceol. Sur. Jud.y XLl, p. 221), it would iiicluelc both the Padaung 
(’lays and the Sliwezetaw Bandstoiies. C. deP. C. 

* Note.—This he)rizon is ediaracteriscd bj*' Nummulites ymvensis and Orihophraymina 
selln {Ree. Geol. Sur. lud., XLIV, p. 81). G. de P. C. 

• The map, which was originally drawn to a seale of 8* — 1 mile, has been reduced 
for reproduction to a scale of 2^^ = 1 mile —Edttok, 
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ridge, the strike coincides with the direction of the range, that is, it 

runs to about north 25"" west and dips to east 25® north at an angle 

of from 50® to 80®. On the precipitous western scarp, the sand¬ 

stone beds are well exposed, east of the ridge the ground is less 

steep, and one sees numerous subsidiary ridges capped with sand¬ 

stone rising parallel with the crest. 

2. Section E.—E, (Plate 25) from west to east through Kinmungyoa 

village. 

This section commences a short distance north of the trigono¬ 

metrical point 1950, and on the eastern slope of the Nwama Taung 

passes through the sandstones of subdivision 1, in which large pieces 

of fossil wood, similar to that so frequently seen in the Irrawaddy 

series, were found. 

The dip is steep to vertical in an easterly direction. A tributary 

of the Kinmuiigyon Chaung^ shows in this area the frequent water¬ 

falls that characterise this subdivivsion. Some springs which have 

in crusted the sandstones with travertine were here observed. 

This tributary, after passing over a bed of massive sandstone, 

commences to traverse the low-lying ground underlain by sub¬ 

division 2, which is mainly shale. The shales break with a coji- 

(dioidal fracture and are either not visibly stratified, or else, more 

frequently, thin-bedded, with very thin intercalations of sandy shale ; 

the colour is dark to light bluish grey. 

Lignite layers from 1 to 3 feet in thickness characterise this 

subdivision. The lignite is a bright black and breaks into small 

pieces; sometimes it contains intercalations of clay partings, and 

changes laterally and gradually into shale. Such shales are for 

many yards of a dark colour and highly carbonaceous. Outcrops 

of lignite beds are marked in our sections in black. 

Intercalations of siliceous limestone are also frequent jn the 

shales; they are from 1 to 2 feet thick and project with sharply 

defined contours from the soft shale; the colour at the surface is 

yellowish red, but in the interior is dark blue. 

The sandstones which are occasionally interbedded with shale in 

subdivision 2 do not materially differ from those of sub-division 1. 

They occasionally show lenticles of lignite, a few inches in thickness. 

Sandstones are never thick in subdivision 2. The dip in this area 

is at about 70® to east-north-east. 

b2 
^ Chauvg. stream. 
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Subdivision 2 contains oil. Tn the above-mentioned stream 

section, an oil seepage was found about 150 feet above the highest 

lignite layer. The oil issues from a bed of sandstone of medium 

grain. There is no sign of bituminous matter in the rock. The 

oil is seen in an iridescent film lying on the surface of a pool of 

water. The smell is distinct. The seejiage was previously un¬ 

known to the Burmans. The dip is about 50' to east 25° north. 

In a small tributary stream, we found another oil seepage at a 

distance of about 000 feet and in a direction north 20"" west from the 

former. Here is a small jiool with thick iridescent films between 

two beds of sandstones dipjiing stee})lv to east 25^’ north. One of 

these is dry, wliile the other shovv^s numerous irregidar veins of 

blackened sand and bituminous matter. 

This oil-bearmg sandstone is on the same level as the former 

seepage, but if the strike were continued, it should be about 20 feet 
higher in the sequence. 

Efflorescent salt is also seen in the oil horizon. It is also found 

in the upjier part of subdivision J, in which (as we sliall afterwards 
see) the earliest oil indications occur. 

250 feet below the oil .seepage, the chaiing enters subdivision 3. 

This consists of shale and sandstone in repeated layers. The 

shale r(‘sembles those of the underlying sulidivision. The sand¬ 

stones are characteristic through their red colour, their weathered 

surfaces, and the abundance of foraminifera, corals and molhiscs. 
ymall nummulites and ortho])liragmina‘ were found. 

Tlie ebaung now passes through sub-division 4. This is also a 

succession of shale and sandstone with some hard siliceous layers. 

Here also the ground is low-lying. Hubdivision 5, composed of 

massive .sandstones, forms a prominent ridge of foot-hills ; this ridge 

is continuous for longer distances than is indicated in the topo¬ 

graphical map (sheet «S4 L.-G Burma Surveys). In reality only 

large chaungs such as the Kinmungyon and Kywe-u chaungs break 

through this chain. Here are exposed massive sandstones coated 

with efflorescent salt. They occasionally contain fossil wood. 

There is a shale band 20 feet thick in their middle. The total 

thickness may be about .1,000 feet. Above this a flat belt of country 

about 400 feet wide is probably underlain by shale. Above this 

comes another sequence of massive sandstones about 750 feet thick, 

through which the Kinnnmgyon Chaung forms a gorge, whence 

it emerges into the open country around Kinmungyon village, which 
is underlain by the so-called Sitsayan Shales of subdivision 6. 
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3. Section N.—N, from west to east, as jar as Kywe-u village. 

This is also a good section ; subdivision 3 is highly fossiliferous 

here. Subdivision 1 shows tlip same features as in the preceding 

section. In siibcivision 2 the intercalated sandstones arc more 

prevalent resulting in im,*Teased height of the foot-hills. Sub¬ 

division 4 is badly exposed. In subdivision 5 the sandstones 

contain more intercalated shale ; hence they do not form the typical 

hill-ridgt's seen hi the former section. The angle of dip has be¬ 

come ni(»re gentle ; it is 50" at the watershed and diminishes to 

35*^ in subdivision 5 Kywe-u is built upon the shales of sub¬ 

division () as is the case with Kinmmigyon village ; in either case 

the open ])laiji is formed by the underlying shales. 

4. Section M.—M. /row, west t,o east {southern '})art of 

Subdivision 1 was visited, but lies outside the limits of our 

map. Tt presenls the usual features. Above', the lignites of sub¬ 

division 2 was found an oil st^epage forming a water-])ool with an 

iridescemt film ol’ floating oil. Proceeding eastward down stream 

subdivision 3 is seen to cemtain fossiliferous beds, cspe>cially sand- 

tone filled with coral, but owing to the .short time at our disposal, 

we could ne)b make a .search for foraminifera. 

Below this, the .stream traverses .sandstones and shale which we 

as.sign to subdivisioiis 4 and 5, after which the o}>en country is 

reached. 
(b) THE MEDIAN SYNCLINE. 

1. Section E.—E.—continued. 

The })lain of Kinmungyon, although not much more than 1,500 

feet in width, extends several miles in a south-soiith-ea.st—north-north- 

west direction. At Kinmungyon village, the exposures of sub¬ 

division 0 show merely blue grey shale and marl without evident 

stratification, and breaking with comdioidal fracture. But occa¬ 

sionally some thin intercalations of sand occur; these .show a dip 

of about 40'^ to ea.st-north-east. 

The total thickness is over 1,000 feet. From the .stratigra- 

phical position of this .subdivision with respect to subdivision 3, 

1 believe it to correspond to the Le'jMocyclvna theohaldi shales of 

G. deP. (hotter (see ante). This .subdivision continues without lateral 

change throughout the entire area examined, forming flat or low- 

hilled, country, which contrasts with the sandstone slopes on both 
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sides. The valley formed by the shales runs from Kinmungyon to 

Kywe-u between the foot-hills of the Nwama Taung and the ridge 

formed by the sandstones forming the base of subdivision 7. 

Kinmungyon pagoda lies upon these sandstones, which there dip 

at 35® to east-north-east. 

To the sandstones of the base of subdivision 7 succeeds a very 

continuous band of shales, then sandstones again containing layers 

with cherty red pebbles and with white quarry pebbles, passing 

into red conglomerates. These layers are about 500 feet from the 

base of subdivision 7. 

At the junction of the Kinmungyon and Tliayu streams, the dip 

has diminished to about 5®. 

Proceeding up the Thayu stream from the junction, the eastern 

limb of the syncline is exposed and about 750 feet distance from 

the junction, dips of 45® to 50® are seen in massive sandstone. 

In order to continue the section, the exposures in the stream 

which runs from the oil wells westward to the Thayu stream may 

now be described. 

Proceeding up this tributary from its confluence with the Thayu, 

one sees the sandstones of subdivision 7, dipping westwards at 

angles of from 40® to 50®. Further east the shales of subdivision 

() are found. 

The correspondence on both sides of the syncline is complete, 

except tliat I have not found the conglomerates of subdivision 7 

it) the eastern limb. There is supposed to be an indication of 

oil in this stream from the sandstones of the base of subdivision 7 

exposed on the eastern limb of the synclinc, but we did not And 

clear indications. 

2. Along the synclinal axis. 

South of its junction with the Kinmungyon stream, the Thayu 

stream flows for two miles along the syncline, repeatedly crossing 

arid recrossing the axis. The correspondence of both sides is 

distinct. The bend is very sharp, so that in the space of about 

2 yards the almost flat strata acquire a dip of about 45®. The 

strata are here in thin beds; on the east one observes a remarkable 

reduction in thickness, due to squeezing and slickensiding ; real 

faulting does not exist. 

For three quarters of a mile south of the junction, we have 

not seen the strike lines converging on either side of the synclinal 
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axis; therefore we suppose the axis to be horizontal. But further 

south convergence is noticeable. As the measurements are far 

from being geometrically exact, we cannot say how much the axis 

rises, although we know it to be rising. North of the section 

L.-L., on the east-west bend of the stream, the sequence from the 

synclinal axis eastwards to the base of subdivision 7 is very clear. 

On comparing this section with that described above (page 253), 

we conclude that the axis rises about 500 feet between the two 

points. 

This figure, however, is approximate, since the strata, being 

squeezed by pressure, do not show the true thickness, in this 

section, where the Thayu stream runs east-west, on both sides of 

the axis sandstones with reddish yellow cherty pebbles, passing 

into red conglomerate similar to that mentioned above, can be 

observed. Similar conglomerates were found in the lower part of 

the Thayu Chaung east of Ngahlaingdwin, beyond the limits of 

our map. These horizons approximately correspond with one an¬ 

other. 

Further south, the country south-south-east of the Thayu Chaung 

has not been sufficiently explored, but we have observed that at 

least as far as our section M.—M. the synclinal axis continues to rise 

steadily. 
(c) THE NGAHLAINGDWIN ANTICLINE. 

The jiiap and sections clearly show the rise oi the anticline 

to the north, the convergence of each geological subdivision to 

the south, and its division northwards into two outcrops flanking 

cither side of the anticline. It will therefore be convenient to 

describe each subdivision, beginning with the newest, and starting 

from the southern part of the map. 
Subdivision 7 (The sandstones overlying the Kinrnungyon shales).- 

South of the section M.—M., these sandstones are folded in an arch 

which forms the southern end of the Ngahlaingdwin anticline, the 

crest of which sinks to the south at an angle of about 10°. The 
sandstones slope gradually southwards under a covering of shale, 

but to the north the emergence of the Kinrnungyon shales (sub¬ 

division 6) from beneath them gives rise to an abrupt scarp. From 

this point it is easy to follow the sandstones east and west of the 

axis. 
On the eastern side, the outcrop runs north-north-east till it 

passes the Thayu Chaimg; it dips here at angles of from 20° to 25°. 
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East of the sandstones the ground is low owing to the presence of 

shales overlying. On the west is a steep slope from them to the 

low ground of the Kinmungyon shales. In the Thayu Chaung the 

dip of the sandstones is from 35'^ to 40'' to east. 

North of the Thayii Ohaung the scarp and dip slopes of these 

sandstones enable them to be easily traced, and the ridge which 

they form can be seen from the hills to the west. In the north 

of the map, they are cut through by the Zaha Chaung , the dip in this 

area is greatly increased, being about 88' to east. On the western 

limb of the anticline, the outfTop of these sandstones extends first 

west-north-west, then north-west, then north-north-west. The dip 

is steeper u}>on this side and gradually approaches 80'\ In this 

area the sandstones do not form a ridge, but there are numerous 

small billowy outcrops. 

Northwards from section L.—L., the sandstones are not indi¬ 

cated by the orography as is the case in the eastern outcrop. One 

repeatedly observes this dilfercnce in orography between the east 

and the west of the anticline ; in the west also the tributary streams 

run to the dip, while on the east they run along the strike of the 

rocks. They How into the Zaha (Uiaung in the north and the Thayu 

in the south. It follows that west of the anticlinal axis, the oro¬ 

graphy is less distinct. 

SuMivision 0.—1 have already described how these shales 

emerge in the south from the capping arch of sandstones, and how 

their \ipper boundary is indicated by the sandstone scarp. Out¬ 

crops are rare, since there is a heavy soil cap. and dense bamboo 

jungle. The ground is flat or has irregular low hills. Only the 

Thayu Chaung cuts deep enough to show really good exposures. 

The section recalls that of the Kinmungyon (liaung. The section 

through the Thayu ('haung shows clearly the marked asymmetry 

of the anticline, since these shales dip much more steeply on the 

west than on the east. As a result the outcrop is much narrower 

on the west. On the eastern flank, although outcrops arc rare, 

the Kimnungyon shales can easily be recognised owing to the topo¬ 

graphy. 

They form the cultivated ground at Ngahlaingdwin and are 

continued in a valley to the north. 

This valley is 1,5(K) feet wide approximately. If the shales dip 

at 40'', as may be assumed from the dip of the sandstones above 

and below, their thickness must be about 1,000 feet. 
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About 2 miles north of Ngahlaingdwin, the valley if ter¬ 

minated by a ridge uniting the sandstones of subdivision 7 with 

those of subdivision 5. But further north another longitudinal 

depression continues to the Zaha Chaung along the outcrop of 

shales. The dip here increases from 40'^ to 88*^ at the Zaha Chaxmg. 

On the western flank of the anticline, from the ])oint where 

the shales cross the Thayu Chaung northwards the shales continue 

regularly and can be traced in many exjmsnres, but as has pre¬ 

viously been pointed out, the toj)ography is complicated and the 

shales do not form long valleys similar to those on the eastern 

flank. The di]> varic'^ from steej) to vertical. In the north of 

the map however a long dej)ression or valley marks the position of 

the shales (see section ('.-0.). 

SnMivisi<m 5.—The sandstones of this subdivision touch the 

Thayu Chaung about 3,500 feet west-south-west of Ngahlaingdwin. 

Although they seem to dip gently stmth, they show irregularity 

of structure and shar]) bends, 

fSince it seemed possible that these irregularities might turn 

out to be of importance and might seriously n.odify our views of the 

value of the anticline, we invc^stigated the crestal area with parti¬ 

cular attention. But we eventually e.ame to tlie conclusion that 

the irregularities seen in the Thayu ( liaxing section arc more or 

less local, and are followed to the north by a regular axial arch. 

The groxmd rises gradually from this section in the Thayu 

Chaung, which is about 580 feet above sea-level, to heights of 752 

feet, 840 feet (see trigonometrical points on ma})) and xiiiwards, 

forming a distinct hill-range. The aixti(dirxal axis follows the watershed. 

The crest (seen in sections of streams running east from the 

watershed) dips soutli at aboxxt 10'. 

The arch is clearly seen ; to the east the dip increases lo angles 

of 30° or 35° near the base of the Kinmungyon shales at a distance 

of between 2,300 feet and 3,000 feet from the crest; westwards 

the strata dip more steeply, so that 800 feet from the crest the 

dip averages 50°. 

The jxmetion of the sandstones with the Kinmungyon shales is 

more clearly seen (owing to the topography) on the east than on 

the west. 

In the Nwama Taung area, the sandstones of subdivisoin 5 

are for a long tract markedly prominent over the strata of sub¬ 

division 4. In the Ngahlaingdwin anticline, the difference in hard- 
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ness of the two subdivisions has little influence upon the orography ; 

nevertheless a difference exists, thus at the ait where subdivi¬ 

sion 4 emerges upon the axis, and subdivision 5 forms two out¬ 

crops on either side of the anticline, the watershed follows the eastern 

outcrop of 6 and leaves the axis. It lies east of the trigonometrical 
point 890. 

The two outcrops were seen in many cross sections and are always 
distinct. 

Subdivision 4.—The axis from point 890 to the oil wells passes 

through this subdivision. The strata are thinly stratified shale 

and sand alternations, with occasional limestone bands. Shales are 

predominant in the Zaha Chaung section, while the sandstones arc 
occasionally lignitic. 

Subdivision 3.—The point where this subdivision emerges from 

the rising crest is interesting, owing to the indications of oil—the 
highest observed in this area. 

This is illustrated by the sketch given below, scale 4 inches 
— 1 mile. 
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Subdivision 3 may be defined as commencing by a bed of shale 

exposed in the oil wells stream east and west of the (irest. The 

highest sandstones of this subdivision are seen south of the stream 

and contain foraminifera. They dip south at about 10®. The 

outcrops of this sandstone bed form small ridges on both sides of 

the crest. There is no marked lithological boundary between the 

two sub-divisions and the sandstones above mentioned have been 

included in sub-division 3 owing to the presence of foraminifera. 

The oil wells stream gives a very clear section through the anti¬ 

cline. It IS needless to describe it in detail, since the dij) of the 

rocks is clearly marked on the map and sections (Plates 25, 2()). 

The oil seepage and the hand-dug wells. 

South of pits 1, 2, 3, is a bed of oil-stained sandstone a?id a pool 

of water covered with a scum of brown oil. The bed dips to the 

south. 

There are five pits or hand-dug wells, marked 1, 2, 3, 4, 5, on 

the map, No. 1 is 36 feet deep. From it 4 gallons arc said to have 

been obtained in 19 days. There is abundant gas. The strata 

(sandy shale) dip to 25® west of south at 3° or 4®. 

No. 2 showed only water and a smell of gas. 

No. 3, 15 feet deep, smelt of gas. 

No. 4, 21 feet deep, contained water and some gas. 

No. 5 is 45 feet deep and contained water with an iridescent 

him of oil. Home bottles of oil were said to have been extiacted. 

Pits 1, 2, 3, are on the crest and below the highest sandstones 

of subdivision 3. No. 4 is dug in sub-division 4 and probably 

fails to reach the highest sandstones of sub-division 3. No. 5 is 

entirely in subdivision 4, and on the eastern flank. 

It follows that the oil does not come from exactly the same 

horizon in each well. 

Continuation of notes on subdivision J. 

The sandstones of this subdivision are very characteristic, owing 

to their red and yellow hue and rough unevenly weathered surfaces. 

Foraminifera arc abundant. North of the oil wells is a bed of 

white crystalline limestone crowded with corals, this is about 3—6 

feet thick. This coral reef forms a good horizon and can be follow¬ 

ed for long distances. It was found at section D.-D. on the western 

flank. 
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The outcrops of subdivision 3 are clearly exposed and recognis¬ 

able in the Zalia Chaung section (see section Plate 20). Here the 

«iandstones contain bivalves and corals as well as foraminifera. 

There is a striking ditference in tliickncss of subdivision 3 in 

the two outcrops of this section, the western outcrop being nearly 

twice as thick. 

There is a bod of Yelates^ in the western outcrop. 

Th(» dips of both these outcrops are steep. 

North of the Zaha ( haung these two outcrops are easily followed 

and recognised by nutans of the beds of corals and foraminifera as 

far as the limits of our map (sections (l-C. and B.-lb). 

Suhiiri^ion 2.—Tiie upper boundary is vague, but 1 take the 

lowest nummulite-boaring bed as the base of subdivision 3. The 

top beds of subdivision 2 are alternate layers of shale and sand¬ 

stone with lignite in thin layers. The strata on either side of the 

axis bend very s]iar})ly, but< the })end is still unbroken and not 

faulted. Along ihe section D.-D. the dip on the east flank is 

from about 45' at the upper boundary of subdivision 2, to about 

15^' at the crest. On the west flank, the strata dip at 75 ' at the 

crest, and increase* further w(‘st t-o vertical. There is an oil see¬ 

page here in the stream, which was hitherto unknown. In this 

section there is an abru])t change of dip at the crest, and lignite 

layers w4iich are present on the east flank are not to be found on 

the west. It seems })robable that a fold-fault is beginning here. 

The oil see]mg(‘ appears to be at a lower horizon in subdivision 

2 than that found in the Nwama 'Faung section (see ante page 252). 

The structure becomes more complicated towards the north. 

Tn the Zaha ('haung section, there is no crest ; the antlicine has 

becojne a crush(*<l and faulted one. A section through the Zaha 

(haTuig is shown on Plate 25. There is a striking want of corres- 

])ondeuce between the succession of strata exposed on the east and 

on the west of the anticline, indicating faulting. 

Proceeding ii]) the Zaha Chaung, we find that after cutting 

across the (*entre of the anticline and reaching the western flank 

the stream in its upper portion traverses subdivision 3 and the 

to}) of 2 of which the top lignite layers are exposed here and there. 
To the north another section (B.-B.) across the anticline shows 

the lignite layers of subdivision 2 exposed on either flank. 

^ This Vchdes is j)r()bal)ly a vari<‘tv of V. schmiedeti CJn^miutz ; the difftTcnoos between 
it and tl)(‘ Cuist'-Ja-Molto typ<’ art* statod bv l>r. F. Noctlins!;, Roc, GcoL Rur. Ind. 
XXVJl, p. 103. Si .' also R<c. (hoi Sur. Indf XLl, p. 226. G. dcP. C. 
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Subdivision ].—In section B.-B. the topmost beds of sub¬ 

division 1 are just emerging in tlie centre of tlic anticline, which 

is here again an arch. 

Owing to the increased intensity of folding, the anticlinal flanks 

are steeper and closer together. It is a well known fact that there 

often appears to be discordance, due to sub>se(pieiit foldiiig, between 

massive and thin-bedded strata (c.f/., betwt*on massive sandstones 

or limestones and shale). In such strata, tlie limestone or sand¬ 

stone may show large bends, while the shales on the contrary are 

corrugated and contorted, and many slides are visible near the 

junction of the two. Perha])s then the arch of sandstones 

seen in the crestal ex[)osure of subdivision 1 may be continued 

southwards unbroken ])e!ieath the faulted and corrugated strata of 

subdivision 2. If this conjecture be correct, it would seem that 

this arch of the sandstones of subdivision 1 represents the ultimate 

stage of resistance of the arch to the continually increasing tangen¬ 

tial folding forces, since north of the section the arch ceases to 

exist. 

The axis of this arch coincides with the waiershed. 

Immediately west of the watershed, along the section B.-B., at 

the source of a small stream (see map) is a water-hole in massive 

sandstone showing a fdin of oil, while the sandstone is im])regnatcd 

with oil at the margin. Here was dug a well about 15 feet deep, 

which yielded water with an iridescent tilni of oil. Following 

down the stream westward, one observes thick, sandstone strata, 

dij)ping south-south-west-. At about GO yards distance from the 

first oil-show, the section shows beds of sandstones with frequent 

patches of oil-impregnated rock. The oil is very noti(;eable and 

the section of strata showing oil is over 15 yards in length. This 

section is succeeded to the west by the interbedded sandstones and 

shales of subdivision 2. The dip rapidly increases and becomes 

very steep at this horizon. 

East of the watershed, the beds show a gentle dip to south-east, 

and here at the source of an easterly stream arc pools of water 

with films of floating oil; further east is seen the overlying sub¬ 

division 2. 

The oil-impregnated strata on the western flank were followed 

north-west along the strike, and at a distance of about 600 feet 

another exposure showing slight traces of oil was found. 
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The point on the crest where subdivision 1 emerges to the sur¬ 

face is interesting through the change in orography as a result of 

the greater hardness of its sandstones as compared with the more 

fthaly subdivision 2. South of this point to the Zaha Chaung 

the watershed is low, but northwards it commences to rise and 

form higher and higher hills with steep slopes on either side. 

A somewhat similar change in surface relief was observed at 

the point where subdivision 5 emerges on the anticlinal crest. 

Here the massive sandstones of subdivision 1 form the long and 

high range of hills (the Yeyodaiing) which extends northwards out¬ 

side of the limits of our map. Outcrops are exclusively of sand¬ 

stone not unlike those of the Nwamataung (see ante). The highest 

hill examined is about 1,3(K) feet above sea level.^ On its northeni 

slope is found a stream running east, and a path leading to the 

village of Kongya. Here the section shows a continuous series of 

sandstones dipping steeply east, and two oil seepages very close to 

one another. The sandstones are more or less massive, but espe¬ 

cially so in their upper strata exposed on the east which are steeply 

dipping to the east and form a waterfall many feet in height. This 

locality is some 100 feet distant from the oil seepages, and also 

marks the top of subdivision 1. To the east, I found the lignites 

of subdivision 2 and the foraminiferal sandstones of subdivision 3. 

To the west of the oil seepage the setition shows vertically dip¬ 

ping sandstones, and it is certain that there is no anticlinal arch. 

Summary. 

From north to south the features of this anticline may now 

liie summarised as follows :— 

SubdivisioTi 1, consisting of massive sandstones forms a high 

hill-range ; the structure being a crushed anticline with¬ 

out an arch, except in the south end of the outcrop 

where an arch exists, and where there are important oil 

seepages. 

Subdivision 2 show*s no anticlinal arch, the rocks being crushed and 

broken at the centre of the fold. The anticlinal axis 

sinks steadily, and the tectonic disturbance is less in¬ 

tense. There is an oil seepage in this subdivision. 

* Perlinph this hill is to be idoiitifiod with the trigonomotrical point 1213 of the Survey 
of India map, shoet 84 L. 6. C. Porro, 
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At the point where the outcrop sinks on the line of 

axis, there is an unbroken anticlinal arch. The asym¬ 

metry of the fold is remarkable, the dips being very 

steep on the west. 

In subdivision 3 the anticline still sinks regularly and is notice¬ 

ably asymmetric. At its top is an oil seepage and the 

Burmese hand-dug wells. 

The sinking of the anticline continues steadily southwards, the 

angle being 10°-~ir. The asymmetry is evident, but less notice¬ 

able owing to the increase in amplitude of the arch. 

South of the Thayu Chaung the anticlinal fold diminishes and 

commences to die out in the sandstones at the base of subdivision 

7. From the section B.-B. to this point the anticline has sunk 

not less than 6,000 feet. 

It is to be observed that north of the Burmese hand-dug wells 

the anticlinal crest runs to north, 16° west, and that south of this 

point it gradually curves to an almost north—south direction. Thus 

it approaches the Nwamataung hill-range while sinking. South of 

the area shown in our map it is probable that the anticline changes 

to a terrace structuie or belt of gentle or horizontal dips forming a 

simple flexure in the easterly dipping beds seen from the Nwama- 

taung eastwards in such parts of the country to the south as have 

been examined.^ 

The relationships of the orography to the geology are also clear. 

The hill-range in the north sinks with subdivision 1 (massive sand¬ 

stones). On both sides longitudinal valleys are found correspond¬ 

ing with the outcrops of subdivisions 2 and 3. The upper portion 

of the Zaha Ohaiing follows the outcrop of subdivision 3 ; thus it 

gradually approaches the axis and eventually cuts across the strike 

to join the Salin Eiver in the east. 

Two circumstances viz., (1) the asymmetry of the anticline 

which is steeper on the west flank, and (2) the proximity of the 

Thayu Chaung explain the reason why the watershed does not 

coincide with the anticlinal axis, but has been shifted to the east. 

The asymmetry of the fold has brought about on the west an oro- 

graphical relief showing steeper gradients. Subsequently a number 

of tributaries have cut back from the Thayu Chaung, and thus 

caused the displacement of the watershed. The asymmetrical anti- 

^ This conjecture is correct j the area to the south has ni»w been completely mapppd 
by the Geological Survey, G. deP. G 
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dine of Yenaiigyat and others ^ show a similar but more marked 

orography. 

These are the causes of the orographical difference on either 

side of the fold, of the number of cross streams on the west, and 

the continuous longitudinal depressions and ridges on the east 

(see ante page 256). 

In subdivision 5 the watershed and anticlinal axis more 

or less coinc.ide, because the more massive and resistant character of 

subdivision 5 balances the influence of the two circumstances men¬ 

tioned above. In other woids : the watershed was not displaced, 

because it consists of layers c f more resistant character. 

To the oil-prospector, the underground structure of the anti¬ 

clinal arch, and the (juestion whether owing to the asymmetry the 

underground an^hes may lie east of the surface arch, is a consider¬ 

ation of great importance. The axes of the subterranean arches 

of strata of the Ngahlaingdwin fold, without doubt are shifted to 

the east of the surface axis. The amount of displacement is related 

to two factors, (1) the different dips of either flank, and (2) the 

reduction in thickness of the upturned strata on the steeply dipping 

flank. 

In the Ngahlaingdwin anticline, the reduction in thickness of 

the vertical and steeply dipping strata of the west flank is an un¬ 

doubted fact, wdiich we have ])roved ])y our geological survey, and 

which can be aj)proximately estimated at the surface. This reduc¬ 

tion may perhaps be duo more to the mutual shearing and sliding of 

strata over one another than to actual plastic compression. Thus 

for these reasons the amplitude of the anticlinal arch is subject to 

variiition : when therefore we take into consideration both these 

factors, it must be admitted that w^e can construct sections only 

with a limited degree of approximation, which decreases as the depth 

increases. 

These explanations will perhaps justify my sections as against 

those drawn after the method of Dr. E. H. Pascoe for determining 

the displacement of subterranean crests of asymmetric anticlines,^ 

which method, if followed, would have led us to assume a greater 

amount of displacement to the east. Dr. Pascoe determines the 

apex-locus ” of the anticline as the bisectrix of the angles of dip 

^ ExnmjtIrR of this structure are found near Grozni, Russia. Porro. 
® E. H. Pascoe :—Asymmeti-v of Yenangyat-Singu anticline, Jicc, Geol. Sur. Xnd- 

XXXIV, p. 253. 
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of both sides of the anticline, without considering the effect of any 

reduction of strata ; with all due respect and acknowledgment of 

his geological results in Burma, I cannot share his opinion on this 

matter. 

As far as I know it is generally admitted that the orogenic move¬ 

ment which formed the mountain-chains of Burma running north— 

south, was propagated from east to west.^ 

Without discussing the cause of the orogenic movement, or 

examining the relationships of the former Goridwana continent and 

the Tethys, I also agree wtth both authors referred to in my footnote 

in postulating an east—west strain and movement. 

Admitting this general supposition, we must conclude that the 

anticline of Ngahlaingdwin was folded by a stress from east to 

west, and where the asymmetry occurs, the strata of the west, 

reacting against this pressure, must have been forced into a ver¬ 

tical position by the eastern flank. Had the folding force been 

exerted with greater intensity, we should have expected an overslide 

to the west. 

Here I must make a short digression and allude to a much 

more asymmetrical anticline,—I mean that of Yenangyat. 

1’his anticline contrasts with that of Ngahlaingdwin, in that it 

has a very gently dipping western Hank, but a steep, vertical or 

reversed eastern flank : along this steep eastern limb runs a great 

longitudinal dislocation leading to the west.^ 

As a consequence of my foregoing remarks, one must assume 

that in the case of this anticline also the eastern side has moved 

against the reacting western side, while partly sinking and under¬ 

sliding it.'* 

Thus in the Ngahlaingdwin anticline there is a tendency 

to overfold, while at Yenangyat there is on the contrary a tendency 

to underfold and underslide, although the tangential forces were 

in both cases propagated from the same direction. 

^ See Suc'ss. AntJitz der Frde, I, p. 7(38; E. H. Pascoe, Man, Oeol. 8^lr. Ind.^ XL, 
pt. 1.—The Oil-fields of Burma. 

* See G. deP. Cotter : The northern part of the Yenangyat Oilfield. i2fc. Geol. Sur, 
Ind., XXXVIIX, p. 302. 

® 1 surveyed the Yenangyat anticline in 1911, and my results confirn;ed the investi* 
gations of Mr. Cotter, excepting that I considcT tliat the angle of inclination of the 
fold-fault vith the horizontal is greater than Mr. Cotter supposed. C. Porro. 
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Questions relating to Oil. 

It is superfluous to mention here such oil occurrences as are 

known to belong to the Pegu Series, and I merely wish to remark 

that in 1912 a deeper horizon of oil-bearing rock was found in beds 

of Khirthar (Lutetian) age.^ 

The locaUty is close to the village of Peinhnebin, Minbu district. 

An examination of the map and orography shows that the same 

horizon is probably continued to the north-north-west up to the 

Nwamadaung exposures in our area. 

The localities where oil seepages have been found have already 

been described. To recapitulate, oil seepages have been found at 

the following horizons :— 

(1) In subdivision 3 near its upper limit. 

(2) In the upper part of the lignite-bearing subdivisions 2. 

(3) In the upper part of the massive sandstones of subdivi¬ 

sion 1, and also some 100 feet below this seepage. 

Probably the horizon numbered (2) corresponds with that re¬ 

corded by Mr. Cotter from Peinhnebin, where also coal strata 

occur. The oil from (3) would correspond then to a still deeper 

horizon, in fact the deepest yet found. Considering the above 

seepages, there is certainly not sufficient evidence of oil to j)rove 
the existence of continuous and important oil horizons, but one 

would be taking too pessimistic a view, if one did not contemplate 

the possibility that these important oil horizons exist and that 

there are chances of finding large accumulations of oil at points 

favoured by the structural conditions. Alternations of shale and 

sandstone bring about good conditions of storage. 

Localities favourable for prospecting must be chosen on the 

anticlinal crest, in places where the anticline forms an arch, 

and where the oil can accumulate, on being forced up by water 

pressure from the anticlinal flanks. 

The angle at which the anticline rises (10°—12°) is in my opinion 

not large enough to preclude the possibility of storage of oil along 

the axis. There are other cases of similar anticlines which are 

productive, e.gr. the Coalinga fields in California.* There, one of the 

producing areas is a monocline with a moderate angle of dip. 

^ * Jp- dep, Oottc'r; The Pegu-Eocene Snooession in the Minbu district near Nfirape. 
ifse. Qtol. Sur. Ind„ XLI, p. 230. * 

* See Bulletin 357 and 398, United States Geol. Survey. 
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If the anticline is to be tested, the following points should be 

taken into consideration. 

At section B.—B. there is an anticlinal arch in the sandstones 

of sub-division 1, and good oil seepages. 300 feet on either side 

of the axis, the strata dip steepl}'', the westerly flank being the 

steeper; the arch is consequently narrow. 

Wells might also be drilled along the axis from section B.—B. 

towards the north and towards the south. Towards the north 

one should drill to test the horizon from which seepages were observed 

in section A.—A., and one should extend operations from section 

B.—B. towards the north as far as the anticlinal arch exists : we 

know that this arch does not reach section A.—A. An unfavour¬ 

able point is the absence of shaly beds between the sandstones. 

Transversely the drilling area is very narrow and practically coin¬ 

cident with the crest of the anticline. 

Towards the south, one should explore the oil observed in abun* 

dant seepages in section B.—B. I have already explained the possi¬ 

bility (see ante) that the arch may be continued intact underground 

southwards from section B.—B. under the disturbed and crushed 

strata of the overlying subdivision. One should not, however, 

on the basis of my purely theoretical suggestion, risk a well too far 

south of B.—B. in the cnished area, but if the wells to the north 

were to prove successful, this theory might be corroborated by a 

gradual extension of wells southwards. 

A surface arch is again seen near section D.—D. and this is 

continuous to the south. At section D.—D. itself there is a slight 

fault and a seepage. Here, even if the arch exists, it is too com¬ 

pressed and irregular to present favourable conditions of structure. 

Between sections D.—D. and E.—E. the anticlinal arch bends 

at a short distance east of the axis at 45° and then increases to 

60° of dip. On the west the dip increases rapidly to the vertical. 

Tests may be made very close to the axis and a little to the east 

of it. Thus there might be some hope of striking the horizon from 

which seepages were observed along section D.—D. 

At section E.—E. subdivision 3, which is oil-bearing at its top, 

crops out on the axis. For the shape of the arch see sketch on 

page 258. It would be practically impossible to reach subdivi¬ 

sion 1 and the oil connected with it, but the oil horizon of sub¬ 

division 2 could bo reached at a depth of approximately 800 feet 

at the axis and at a greater depth on the eastern flank. 

o2 
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South of section E.—E. the oil of the horizon of the hand-dug 

wells would give a good objective for drilling down to. This 

might be tested both along the axis and on its eastern flank. Its 

depth of course increases to the south owing to the sinking of the 

anticline. 

Briefly, oil-bearing strata may be expected at a reasonable 

depth, but the narrowness of the arch makes the location of wells 

difficult since one cannot be certain of striking the underground 

arch accurately. 

One must not lose sight of the underground transgression of the 

anticline arches to the east. 

From the section 0.—G. southwards, the structural conditions of 

tlie anticlinal arch are better, since the arch increases gradually in 

width and the strata east of the axis do not dip steeply. On the 

other hand the oil-bearing horizon is at a greater depth, and with 

the depth increases the uncertainty regarding the structure, and the 

position of the subterranean axis. We must not, however, leave 

out of consideration the possibility that higher oil-sands may exist 

although no seepages were found. We know that oil in paying 

quantities is found in the Pegu Series. 

APPENDIX. 

By G. deP. Cotter. 

Dr, Porro has asked me to write a note upon the age of the 
rochs at Ngahlaingdwin. This task has become an easy one owing 
to the advances in mapping made by the Geological Survey since 
Dr. Porro’s visit to this field in 1912. In spite of the hopes at one 
time entertained of the prospects of this area as an oil-field, it has 
not yet been tested. The poor results obtained from the Minbu field, 
which is a narrow anticline like that of Ngahlaingdwin, and the dis¬ 
tance of the Ngahlaingdwin anticline from tlie river, make the testing 
of it a costly and highly speculative undertaking. 

The seventh subdivision of Dr. Porro contains a fauna described 
in considerable detail by Dr. F. Noetling (Pal, Ind., New Ser., I (3). 
Fauna of the Miocene Beds of Burma). There is no doubt as to its 
approximate correlation with both the Gaj beds of India and the 
Java beds, the fauna of which has been worked out by K. Martin. 

In the uppermost part of this subdivision Ostraea Verneuili, 0, 
digitalina, 0. crassissima, 0, gingensis, and 0. crassicostata, have been 
found, while oysters are usually badly preserved and not identifiable in 
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the lower part. Other species are Vicarya callosa Martin, Venus aglauiae^ 
Voluta dentata, Cypraea granti, Aricia humerosa, etc. Foraminifera are 
usually absent and schinoids are rare. 

Dr. Noetling regarded this fauna as of Miocene age. This is prob¬ 
ably as close an approximation as we can get at present. 

U;iderneath this stage lie the shales and clays of Dr. Porro’s aixlb 
subdivision. They are the same clays as those from which I collected 
specimens of LepldocyvHna theobaldi in the south of the Minbu district. 

The .soecimeiis from this stage at Ngahlaingdwin are on the whole 
somewhat poorly preserved. Specimens of a Lucina, the same species 
as that winch L. V. Dalton identified as L. globulosa Desh. (Q, 
J, G, /S., LXIV, page 604) and which is unquestionably closely 
allied, although perhaps not identical with, the Italian species, have 
been collected. Other inolluscs appear for the most part to range up¬ 
wards into the stage above. The foraminifera are of help in deter¬ 
mining the age in south Minim, Lepidocyclina theobaldi is the same 
species as is found iu the Nari of India, and is probably identical 
with L. clephantina Tourn. There are also present some sub-micros¬ 
copical nummulites and a large Ueterostegina with wliich is associated 
a smaller megaspheric form (see Rec. Ge.nL Surv. hid,, XLI, page 231, 
Plate 20, lig. 1). 

If we accept the views of 11. Douville and J. Boussac regarding 
the range of the Orbitoides and Nummulites, we should probably place 
these shales in the Chattian stage. These clays and shales have been 
called the Padaung Clays. 

Dr. Porro’s sub-divisions 4 and 5 form one stage, which we have called 
the Shwezetaw Sandstones. Tliey have yielded very few fossils in 
Ngahlaingdwin. In south Minbu at this horizon specimens of an 
Ampullina, which my colleague Mr. Vredenburg regards as identical 
with A. crassatina, have been found (Rec. Geol. Surv.^ XLI, p. 226). 
Accompanying this are :—a species of Vicarya and a species of Cardita. 

In the same stage is found a species of Clypeaster. In the Pakokku 
district, this stage is, as far as surveyed at present, represented by 
freshwater beds, which yield two species of Cyrena, one of which is 
very close to, if not actually identical with C. borneensis Bottger. 

The fauna of this stage is so scanty, that if we do not take into 
consideration the fauna of the stages above and below, we should be 
quite uncertain of its age. 

Dr. Porro’s subdivisions 2 and 3 taken together form what we 
have called the Yaw Stage. This stage has yielded a large fauna 
which I am at present studying. Amongst other species may be 
mentioned Orthophragmina sella D’Arch., Nummulites yawensis Cotter, 
Vdates schmeideli var. cf. description by F. Noetling in Rec. Geol. 
Surv. Ind.j XXVII, page 103, Volutilithes sp. aff. ambigui Sol., Gosa- 
via hirmanica Dalton, and many other characteristic species. These 
clearly indicate an Upper Eocene age. 



270 Records of the Oeologicat Survey of India. [Vol. XLV, 

Dr. Porro’s subdivision 1 is equivalent to our Pondaung Sand¬ 
stones. This stage has yielded few fossils,' but amongst those collected 
is a species of Area allied to the Cretaceous form Trigonoarca ahrupta Forbes. 

Dr. Porro’s map shows no rocks of older age than the Pondaung 
Sandstones. In the Yaw River section in the Pakokku district how¬ 
ever, a full sequence has been worked out downwards from this ho?‘izon 
to the Upper Cretaceous. 

Below the Pondaung Sandstones come the Tabyin Clays, which 
contain nummulites and the Area which is so frequently found in 
the beds above. Below these are found in most sections another 
series of the sandstones which we have called the Tilin Sandstones; 
these also contain sjnall nummulites. 

Below these is a very thick scries of shales with numerous bands 
of conglomerate at tlie base; this we call the fjaungshe 8halc. It 
contains Operculina and Orthophragrnina and is probably basal Eocene 
in age. Below this I have found beds containing Exogyra^ Nerinaeay 
Troealia, and some Cretaceous-looking Orbitoidcs showing four central 
chambers. With the exception of the Yaw stage, the fauna has merely 
been glanced at and there remains a very large amount of palffionto- 
logical work and description before we can fix the exact age of each 
stage. 

In the above notes I have made a few allusions to the age of 
these various stages in terms of European nomenclature. But the Indian 
Empire probably possesses in its Burma, Baluchistan, Sind, and Kachh 
sections some of the finest sections of Tertiary rocks in the world; more¬ 
over the fauna is a tropical one rich in nummulites and other fora- 
minifera. Indian geologists have, therefore, little need to enquire 
whether such and such a stage is to be correlated with the Latdorf 
beds or the beds at Ludes. We must work out our own sections 
with open minds on such doubtful questions as the occurrence of 
Orthophragmina in the Oligocone or of Lepidoeyclina in the Eocene. 
I do not propose at present, therefore, to offer any opinion as to the 
correlation of the Burma Tertiaries with those of Europe. 

EXPLANATION OF PLATES. 

Plate 25.—Section across map Plate 26. 

Pla I K 26.—Geology of the Country near Ngahlaingdwin. 

* In J)cxenil)er 1914 I discovered vertebrate reniaina (teeth, etc.), in rocks of this 
hoiia^ii. These include two now genera of Anthracotheriidee, one Titanothore, and one 
Metamynodofi.; a djMcription will shortly be published bv my colleague Dr. Pilgrim and 
myself. G. doP. C. 
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Notes on the Geology of Chitral, Gilgit and 

THE Pamirs, by H. H. Hayden, C.I.E., F.R.S., 

Director, Geological Survey of India. (With Plates 
27 to 32.) 

These notes are the outcome of observations made during a 

journey to Em ope on leave through Chitral, Gilgit and the 

Pamirs between April and August, 1914. Owing to the conditions 

under which it was made, involving marches of from 10 to 40 miles 

daily with but rarely a complete day’s halt, the journey constitutes 

only the barest geological reconnaissance, and the results are necessarily 

incomplete, disconnected, and often inconclusive ; so much so that I 

should have hesitated to publish them were it not that they embody 

the only observations on the geology of Chitral, and perhaps also of 

the Pamirs, that are likely to be made for some time. They may 

also be of some assistance to future workers in those regions. 

I have to express my indebtedness to all officials, British, Russian 

and Chinese, with whom I came in contact during my journey, for 

their unfailing courtesy and kindness. I am especially indebted to 

Monsieur C. Nabokoff, Imperial Russian Consul-General in India, 

whose energetic assistance was responsible for the generous 

treatment accorded to me in Russian territory and to Sir George 

Macartney, K.C.I.E., British Consul-General at Kashgar, for help 

in Chinese Turkestan and for innumerable acts of kindness and 

hospitality. 

Chitral is best known for its orpiment mines, which have been 

described more than once,^ but beyond this nothing was known 

of its geology until Major I. H. Grant in 1899 

CWtral!^*** observers: Geological Survey of India some 

Devonian^ fossils collected at Showar Shur in 

the Yarkhun valley. Subsequently Captain (now Colonel) B. E. M. 

Gurdon obtained a further series of Devonian fossils from the hills 

opposite Reshun ; they were described by the late Mr. W. H. Hudleston 

* An interesting description of them will be found in Cot P. L. Kennion’s fiwcinating 
book Sport and Life in the Further Himalaya (1910), p. 144. 

* Gecl, 8vrv. India^ XXXVI, p. 31 (1904). The locality has hitherto been 
erroneously described as the Baroghil Pass ; the actual locality lies in longitude 73®36' 
and latitude 36 W. 
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in the Geological Magazine,^ and geological notes, made by Sir Henry 

McMahon, together with a discussion of the latter by General 

C. A. McMahon, were included in the same paper. It is a curious 

coincidence that the fossils collected in both cases were Devonian, 

although they were derived from localities more than a hundred miles 

apart. Those from Showar Shur, however, are regarded by Mr. Cowper 

Reed* as Lower, whereas those from Reshun are Upper, Devonian. 

The presence among the Chitral fossils of specimens of Spirifer 

Verneuili var. Archiaci Murch. identical with forms collected by me 

in Afghanistan some years ago,® led to the hope that the strati- 

graphical conditions in Chitral might perhaps combine features 

both of the Afghan and of the Himalayan province. On the one side, 

the western, the most characterivStic among the few stratigraphical 

features known are the presence of a well developed Devonian fauna, 

a great thickness of Fusulina limestone and a littoral and shallow- 

water facies of the Trias-Jura. The Himalaya, on the other hand, 

are characterised by the general absence of Devonian fossils, the 

absence of Fusulina limestone, and the presence of a very finely 

developed deeper-water facies of the Trias. 

My journey through Chitral and the Pamirs was undertaken 

with a view to elucidating the relationship between the above 

stratigraphical provinces. The route followed lay from Dargai via 

the Malakand, through Swat and Dir, over the Laorai pass to Drosh 

ajid Chitral; thence up the Mastuj river vid 
Route followed. Reshun to Mastuj, and up the Yarkhun river 

to the Baroghil and Shawitakh passes on the frontier of Wakhan. 

From Yarkhun 1 crossed the Darkot pass into Yasin, thence vid 

Gupis to Gilgit and Hunza, and over the Mintaka pass to the 

Taghdumbash Pamir and Tashkurghan. From Tashkurghan I followed 

Stoliezka's route over the Nezatash (Shakhlakh) pass to Aktash, 

thence through the Great and Alichur Pamirs to Murghabi and along 

the Ak Baital and Muskol rivers to Great Kara-kul ; then eastward 

over the Kiziljiyiq pass to Rang-kul and finally out by the Haramut 

(Aramuth) pass to Muji in Chinese Turkestan and over the Ulug-art 

to Kashgar. The distance thus covered was about 1,300 miles, and 

as the time occupied was only 125 days, the opportunities for 

* Decadt' IV, Vol. IX, pp. 3-8, 49-58, January and February 1902. 
Geol. Surv. India, XLI, 86 (1912). 

• F. R. Cowper Heed : i?ec., Geol Svrv. India, XLI, 106 (1912). H. H. Hayden : 
Mem., Geol. Sntv. India, XXXIX, pt. 1 (1912). 
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mapping were extremely small, and the map published with this 
paper is, therefore, merely diagrammatic and is intended to show 
only the general distribution of the broad stratigraphical divisions. 

With regard to Gilgit, petrographical notes by Professor T. G. 
Bonney and Miss C. A. Raisin on specimens 

’ collected by Sir Martin Conway were pub¬ 
lished in the latter’s Climbing and Explora¬ 

tion in the Karakoram-Himalayas.” ^ Captain (now Sir Henry) 
McMahon and Captain (now Sir James) Roberts also made col¬ 
lections of rocks in Yasin and Gilgit and notes on them were 
published in the Quarterly Journal of the Geological Society^ by the 
late General McMahon in the year 1900. (jeneral McMahon cor¬ 
related the limestones of Gilgit with the Carbo-Triassic series of 
Kashmir and the North-Western Himalaya, and the underlying schists 
he attributed to either the Luwer Carboniferous or the Silurian 
system. 

Until last year wo were dependent for practically the whole of 
our knowledge of the geology of the Pamirs on the work of Stoliczka, 
who travelled from Yangi Hissar near Yarkand through Tashkurghan 

and the Little Pamir to Kala Panja on the Oxus, 
Previous observers: returning by the Great Pamir and Istik.® He 

described the greater part of the countiy as 
consisting of slate, conglomerate and gneiss, with thick masses 
of limestone at Nezatash, Aktash and Istik. In the limestones he 
found Upper Triassic fossils between Nezatash and Aktash and 
crinoids at Istik. He regarded the Istik limestones as Carboni¬ 
ferous. Further geological observations are to be found in the 
writings of D. L. Ivanow, a Russian mining engineer, who 
travelled in the Pamirs about ten years after Stoliczka.^ The 
petrographical and stratigraphical observations are not given in 
great detail in the only paper by that author which was accessible 
to me, but it contains much valuable information on the tectonic 
aspects of the Pamirs. Ivanow was, in fact, the first fco ap- 

^ Maps and Scientific Reports (1894). 
aVol. LVI (1900), p. 337-868. 
® Scientific Results of the. Second Yarkand Mission^ Geology ; by W. T. BJanford, 1878. 
* “ A short report on geological investigations in the Pamirs.” Trans. Russ. Imp. 

Min. Soc., ser. II, Vol. XXII, p. 255 (1886). See also “ Notes on fossils collected by 
Messrs. Regel, Smirnow, Severtsow, Ivanow and von Schultz ” by G. D. Romanowski : 
id., Vol. XrX, p. I (1884). 

The original papers are in Russian and I am greatly indebted to Monsieur P. A. 
Rogalski of the Imperial Russian Consulate General in Calcutta for his kindness in getting 
them translated for me. 
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pieciate the true structure of the Pamirs and to realise that they 

consist of a parallel series of equatorial mountain ranges, and he 

showed conclusively that none of the ranges was, as had formerly 

been claimed by Semenow, meridional. He observed that the 

trend-lines were north-easterly on the western side of the Pamir, 

almost equatorial through the Pamirs, and south-easterly on the 

east. His observations have been entirely borne out by such 

further examination as I have been able to make. At the same 

time he did not neglect the purely geological aspect. He describes 

the Pamirs as an immense massif, with a granitic and gneissose 

core. He points out that the granite has intruded into and 

metamorphosed sedimentary rocks, which he records as prevailing 

in the northern part of the Pamirs and which he refers to slate, 

dolomite, limestone and arkose. He also mentions oolitic lime¬ 

stones, which he refers to the Devonian system. He records the 

presence of rock-salt near Rang-kul ; and infers from information 

obtained from a guide that the depression constituting the Baroghil 

pass between Chitral and Wakhan is due to the presence of gypsum ; 

he further makes an ingenious suggestion that the name of the pass 

should not be Baroghil but Bor-agyl, i.c., the pass of gypsum.^ 

The guide’s information has now proved to be incorrect, as 1 

examined the Baroghil pass carefully and found no signs of 

gypsum there. The depression itself is, in fact, an old glacial valley. 

1 have already pointed out that the geological map published 

with this paper is only diagrammatic and aims merely at separating 

the broad stratigraphical divisions. Even so, boundary lines are 

only approximate; nor, indeed, could they be 

more, since the topographical maps which were 

available to me are far from accurate. Circumstances made it 

impossible for me to obtain Russian topographical maps in time, 

and I was dependent on such maps as had been published in England 

and India. I had also with me a map recently published in 

Petetmanns Mittheilungen^ by Dr. Arved von Schultz and said to be 

based on Russian maps on a scale of 1 : 420,000, “ with further 

additions from the newest sources and from the author’s own 

observations.” I found, however, that in most respects this map 

was inferior to those published in India more than 20 years ago 

and marked no advance on Lord Curzon’s map ; even in those 



f ART 4.] Hayden : Chitral, Oitgii and the Pamirs. 2?6 

parts of the Pamirs that the author claims to have visited himself, 

the map frequently proved to be inaccurate. I have, therefore, in¬ 

serted the geological observations on the most recent map published 

by the Survey of India on a scale of l''=32 miles, 

I.—Swat, Dir and Chitral. 

The outer hills from Dargai through Swat consist chiefly of 

dark hornblendic rocks, with much intrusive granite, and occa* 

sionally slate and dolomitic limestone. 

orpW*c zone*”** *"®***"“ Between Dargai and the Malakand, the rock 
is chiefly hornblende-schist, much foliated and 

crushed, and full of quartz veins. Below the Malakand, on the road to 

Chakdara, the hornblendic rocks are replaced by granite. To the 

north of Chakdara, the hills consist of gneiss and schist, the foliation 

planes of which dip approximately to the north-east. To the south 

of Chakdara, the dip swings round to the east. 

At about 9 miles from Chakdara, on the road to Sarai, beds of grey 

and yellowish-white crystalline limestone are interbedded with quart- 

zose and hornblendic schists, associated with a certain amount of 

foliated granite. The metamorphic beds appear to be of sedimentary 

origin and recall the metamorphic series of the Jagdallak ruby 

mines. The limestones, however, do not contain any accessory 

minerals. From Sarai northwards, the road runs through an allu¬ 

vial valley for some distance, subsequently rising on to the rocky 

hills on the north side of the valley; before leaving the plain, it 

crosses a small stream, which has cut through a hard layer of com¬ 

pact grey nodular kanlcar. 

The hills consist of the usual hornblendic schists, with a good 

deal of foliated granite and here and there some eurite. The 

schists are usually hornblendic, but occasionally contain siliceous 

bands resembling fine-grained quartzite. Near Sado, bands of coarse 

amphibolite are common. 

From Sado northwards, the road follows the left bank of the 

Panjkora river. The prevailing rocks are still hornblendic, but are 

usu^y gneiss rather than schist. A thick band of hard dark- 

grey crystalline limestone is seen for some way along the road 

above Sado. Beyond this, the schists and gneisses are replaced by 

quartz-diorites resembling gabbro in appearance; the ferro-mag- 

nesian mineral, however, is a fresh dark-green ophitic hornblende. 
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The felspars, which are considerably kaolinised, include albite and micro- 

cline with some labradorite; chlorite and epidote are also present; 

the hornblende is probably secondary and derived from a pyroxene. 

The diorite is penetrated by numerous veins of coarse pegmatite, 

consisting of felspar and hornblende with some quartz. Coarse 

basic bands, consisting almost entirely of large crystals of horn¬ 

blende, and similar to the rock already recorded to the south of Sado, 

are fairly common. 

Granite at Warai. 

The above igneous rocks continue the whole way to Rabat, and 

appear to form all the ranges on either side of the river. This Panj- 

kora igneous mass is clearly intrusive in, and responsible for the 

metamorphism of, the schist series. To the north of Rabat, along 

the river, the same coarse diorites continue, with basic pegmatites 

and great masses of amphibolite, which is often very coarse and 

which at first sight looks like a coarse diallage rock. The series is 

interrupted here and there by comparatively insignificant patches 

of hornblendic schist, relics no doubt of the metamorphosed sedi¬ 

mentary series already referred to. At about three miles south of 

the Levy post of Warai, the basic series is pierced by occasional 

veins of eurite, which increase in number northwards and subse¬ 

quently pass into a coarse biotite-granite. The change in the nature 

of the rock is reflected in the topography, and the steep, dark, 

rugged hills of the basic scries are replaced 

by rolling hummocky country with a white 

sandy surface. This belt of granite is only about 3 miles wide, and 

gives place at about a mile above Warai to schists and gneisses 

full of granite veins. In places the rock looks almost like phyllite, but 

is always black and hornblendic. Similar rocks (amphibolite and horn¬ 

blende gneiss) continue northwards for some miles, penetrated 

everywhere by granite veins. The dip of foliation of the schists is 

usually high to WNW. Occasionally, however, it is quite low, 

almost horizontal. The strike is almost always ENE or NE 

by E. Near Darora Levy post, granite comes in again and extends 

northwards for a considerable distance. It is subsequently re¬ 

placed by schistose and gneissose beds, which, near the junction of 

the Panjkora and Baraol rivers, become hard and dark and very 

compact, gradually passing into quartzite at Chutiatan bridge. 

Slates soon make their appearance, and quartzite and slate (chiefly 

the latter) continue all the way to Dir. The strike is approximately 

JEf-W, with a variable dip usually northerly and sometimes very 
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steep. The slates approach phyllite, and the series recalls parts of 

the Pur an a group of the Himalaya. 

A short distance above Dir the slate and quartzite series gra¬ 

dually becomes more highly metamorphosed, 

Laorar Pas^s^ finally becoming gneissose. About a mile 
above Panakot the sedimentary series is re¬ 

placed by a medium-grained granite, two spurs of which run down 

from th(' hills on either side and almost close the valley. This 

granite continues all the way to Gujar at the southern foot of the' 

Laorai pass. Betvveei Gujar and Ziarat, the whole country was 

under deep snow when I passed through, but, to judge from such 

lock as could be seen, the Laorai pass and surrounding hills arc com¬ 

posed of gi’anite and gneiss, the latter prevailing on the northern 

side. The gneiss is granitic and dioritic, &ud often rather basic. 

Below Ziarat it becomes fine-grained, resembling (][uartzite, and is 

associated with mica-schists, which at half a mile above Ashreth are 

replaced by a thick bed of crystalline limestone with slate. The 

latter beds are almost vertical, dipping to the north-west at about 

85^^. Further down the valley, below Ashreth, 

and^slak*' the limestone is followed by slate, phyllite and 
schistose grit, su(;ceeded by quartzite and slate, 

the latter rocks sometimes bright red. The whole of this latter 

series bears a striking resemblance to the rocks seen at the mouth of 

the Ghorband valley in Afghanistan and believed to be Lower Palaeo¬ 

zoic. The structure is complicated by considerable folding and pro¬ 

bably also by faulting. 

About 'I mile below Ashreth, a large block of sheared conglome¬ 

rate is seen lying by the roadside. It is not in situ, but the same rock 

is found a little furthei* on, on the hill-side above the road, and forms 

the greater part of the high hill to the soiitli of Mirkani post. The 

series in which this conglomeratic occurs is 

of^Mirkani *^*^*^”'^*^*^^ here 800 or 1,000 feet thick. The lower beds 
consist of a true agglomeratic slate composed 

almost entirely of fragments, rolled boulders and huge angular 

blocks, of volcanic rocks. Higher up it becomes gradually faier, 

passing into a slaty conglomerate and finally into a grit. Both 

above and below, this agglomerate series is cut off at Mirkani by an 

intrusive granitic rock, consisting of quartz, felspar, chlorite and 

epidote. The quartz contains many inclusions, 
Qranite intrusive in It. ■. ‘ 

but under the microscope appears very fresi^ 
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and clear in comparison with the felspar which has been almost 

completely changed into secondary products. The felspar is usually 

idiomorphic, but its extreme state of alteration makes it impos* 

sible to determine its species with any certainty. It appears, how¬ 

ever, to have been orthoclase for the greater part, with, perhaps, 

some albite. Chlorite is common throughout the rock, and may be 

an alteration product of mica. Both above and below the agglo¬ 

merate series, this igneous rook lies in apparent parallelism with it, 

but schistose beds occur in both cases at the junction and the upper 

grits have been converted near the boundary into a gneissose schist. 

No apophyses were observed running from the igneous mass into the 

agglomerate, but, in spite of this, the rock must be intrusive. It 

is certainly intrusive into a schistose sedimentary series, apparently 

older than the agglomerate, exposed at Mirkani post. 

Up to this point, from the Malakand to Mirkani, the road to 

Chitral has run across the strike of the rocks. At Mirkani it turns 

and follows the Chitral river, which up to Drosh runs almost parallel 

Two congloraeraUf ^ 
between Mirkani and ever, a few higher beds are seen. A good 

®^®**’* section is found at Badurgal, where the ag¬ 

glomerate series, greatly crushed, is seen striking NE-SW, and 

dipping at 65° to NW. The rock has been cleaved to such an 

extent that the original bedding has been completely obliterated 

and can only be traced by means of the pebble bands. Where these 

are not present, one is very liable to mistake cleavage for bedding. At 

Badurgal the agglomerate series passes up into slate, and a little 

farther along the road to Drosh numerous blocks of quite a different 

conglomerate are found lying by the road-side, having evidently 

fallen from the cliffs above the road. The latter conglomerate, 

which is also sheared and slaty, is composed for the greater part of 

small pebbles of limestone, but contains also some granite and trap. 

The rock is extremely like a conglomerate, to be subsequently re¬ 

ferred to, which is found at Reshun (p. 284). 

About mile above Badurgal the Mirkani agglomerate series 

Volcanic series be- trap, which is followed 
tween Mirkani and by a great ’ thickness of conglomerate and 

*^“^®**** volcanic breccia with occasional trap-flows, 

but by far the greater part of the series is either breccia or conglo¬ 

merate. The fragments of which the latter rocks are composed are 

usually angular and consist of trap. The road runs along the volcanic 

fooks for some miles, skirting the river along the left bankt 



Part 4.] Hayden : Chitral, Gilgit and the Pamirn. 279 

At about two miles below Drosh the trap suddenly gives place to 

slaty beds again. Among these, about 30 feet above the road, there 

is a large outcrop of a finely laminated limestone full of fragments of 

comminuted foran'.inifera. I took this at first for a crushed Fusulina 

limestone ; examination with a pocket lens, however, showed that 

the long narrow sections were not FusiiUnw, and I referred them 

provisionally to a Bryozoon, It was not till I 
OrbitoUna Limestone. j 

returned to Calcutta and was able to examme 

slices of the rock under the microscope that I discovered that the 

supposed Bryozoa were fragments of OrbitoUna, The rock has been 

so crushed that the foraminifera have been broken into small frag¬ 

ments and I have not found any complete specimens. There is no 

doubt, however, that the fragments belong to OrbitoUna, as I have 

found similar fragments in a shale containing undoubted OrbitoUna 

and associated in Yasin with a bed containing hippurites. The 

latter rocks lie uncon formably on a trap series, which is almost 

certainly the Panjal Trap, and which I am inclined to regard as 

equivalent to the trap of the Drosh-Mirkani section. 

On the left side of the river, there is an ascending sequence 

from the Ashreth limestone, through the agglomerate, up to the top 

of the Trap series. Along this bank the prevailing dip is north¬ 

westerly and the volcanic series appears to extend across the river 

high up into the hills on the opposite bank ; a bed of brilliantly 

white rock which caps those hills was subsequently foimd to be 

crystalline limestone and to be separated from the volcanic series by 

a belt of gneiss. If I had known at the time the real nature of the 

Orbitolina limestone, I should have spent some time at Drosh and 

Relation of Orbitolina section thoroughly, but the general 
Limestone to volcanic resemblance of the volcanic series to the Panjal 

*^*^®®* Trap, and the presence of the supposed bryo- 

*oan limestone associated with it seemed to fall in with the assump¬ 

tion of a steadily ascending sequence, for the dip on the right bank 

of the river was quite clear and seemed to be everywhere north¬ 

westerly also. The subsequent discovery that the latter part of 

the section comprised the metamorphic rocks above referred to did 

not necessarily preclude the straightforward interpretation of the 

sequence, although it certainly introduced an element of doubt and 

suggested the possibility of a fault along the valley. The evidence 

of disturbance, which is considerable on the left bank of the river, 

taken together with the apparent position and schistose character of 
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the Orbitolina Limestone, lends further support to the idea that an 

important fault runs along this valley and its structural continua¬ 

tion the Shishi valley. I do not know the exact relationship of the 

Orbitolina Limestone to the volcanic series, but where I saw it on- 

the hillside, it appeared to overlie the latter. The conditions, 

however, are complicated by local disturbance and there is some 

doubt as to whether the apparent sequence is the true one ; a 

persistent snow-storm during my examination of the outcrop 

added still further to the confusion, but in view of the section 

subsequently found in Yasin, the most plausible view is that the 

limestone overlies the volcanic series unconformably and that the, 

latter is the equivalent of the Panjal Trap. A little way beyond 

the limestone, but separated from it by an outcrop of trap, 1 noticed 

on the roadside a cliff of schistose, much crushed quartzite which 

appeared to dip into the hill, that is to say, in the opposite direction 

to the prevailing dip. 

Before describing the rocks met with above Drosh, it will be 

Tertiary sandstoneol .younger deposit ob- 
Drosh and the Shishi served for the first time in the valley of the 

Chitral river some miles lower down. This is 

a coarse sandstone, often containing pebbles, which is first seen 

at the stream above Galatak and thence continues all the way to 

Drosh. It is a coarse grit or sandstone with bands of con¬ 

glomerate, and is seen at intervals on the hill-sides above the 

river running up to 80 feet or more above the present river 

bed. It is false-bedded and clearly of fresh-water origin, and 

exactly resembles typical upper Siwalik deposits. It dips inwards 

slightly towards the hills, and recent river deposits lie on it 

unconformably at Drosh, where it underlies the fan on which the 

village stands. Similar deposits, presumably of younger Tertiary 

age, are seen at the junction of the Shishi and Chitral rivers, where 

they include also yellow and lavender clays. They are found also 

up the valley of the Chitral river, towards Chitral, sometimes as 

much as 500 feet above the present river-bed, though they have 

been to a great extent removed in recent times by denudation. 

A short distance above Drosh the Shishi valley joins that of the 

Chitral river. The former valley is the structural continuation of. 

the valley of the Chitral river between Drosh 

tJic^ShhW^vaUey!*^* Afghan frontier. Above the junction 
of the two streams the Chitral river guts 
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across the strike of the rocks. For the first few miles of the road 

from Drosh to Gahiret the section is not clear, since the solid geology 

is hidden by a broad fan. A short distance below the point at which 

the Shishi stream enters the Chitral river, rock again crops out on 

the road-side; this consists of trap, some schistose beds (possibly 

ash), and thin beds of a grey limestone with thicker bands of cream- 

coloured crystalline limestone. The beds dip steeply to WNW, 

and are underlain by the Trap series along the road up to the bridge 

over the Shishi stream. About a quarter of a mile up the stream 

above the bridge, two bands of dark-grey semi-crystalline lime 

stone with streaks of calcite crop out on either side of the valley. 

The strike is approximately NNE-SSW, and the dip very high 

to WNW, One of the outcrops of limestone forms an anticlinal 

saddle standing on end, i.e., pitching vertically. This outcrop occurs 

on the left bank and appears to be represented on the right bank by 

masses of broken and crushed rock showing no particular strike or 

dip. The other outcrop occurs on both banks and forms a great 

vertical wall about 400 feet high on the right bank. All these beds 

are overlain unconformably by the younger—supposed Siwalik—sands 

and clays. 

A little way above the Shishi bridge on the road to Gahiret, the 

path mounts to the face of a cliff overhanging the river, and is cut 

Granite and gneiss ^ fine-grained biotite gneiss. The 
between Drosh and latter is much folded and crushed ; under the 
Gahiret. microscope the component minerals are all 

found to be broken up into small fragments. The rock contains 

veins of pegmatite, with felspar predominating, which share in the 

foliation and crumpling of the gneiss. There are also infiltration 

veins of quartz and reddish-brown calcite, which cut across the 

foliation. 

The belt of gneiss is some miles wide and is eventually replaced 

between Kes and Gahiret by a thick band of grey and white crys¬ 

talline limestone. This is the bed already referred to as seen run¬ 

ning along the hill-tops on the right bank of the river opposite 

Drosh. It dips steeply (60°—^70°) to NW and crosses the river 

below Gahiret, making a marked bluff on either 
C^sfamnc limestone gide of the river. From this point on to about 

of uaniret. /•>. i i i 
half a mile above Gahiret the rocks are 

almost entirely calcareous. The crystalline limestone is overlain 

by a schistose rock, composed of fragments of slate and limestone, 
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which is succeeded by a thick mass of grey crystalline limestone 

less highly metamorphosed than the rock at the base of the series. 

Just before reaching Gahiret, the road is carried on a gallery along 

the face of a cliff of this limestone, which is here dark-grey with 

light veins and masses of yellowish calcite. 

The total thickness of the calcareous series appears to be very 

considerable, probably between 2,000 and 3,000 feet. About half 

a mile above Gahiiet, on the right bank of the river, the limestone 

. gives place to schistose slate (phyllite). Some 

calcareous beds are associated with the slate 

but the series subsequently becomes one of slate, chiefly with some 

quartzite. The latter rock is seen on the right bank of the river 

just below Urghuch. A little further on, at about the 22nd mile, 

where the road ascends and crosses a cliff, a fine-grained diorite 

is intrusive in the slate and quartzite. 

The relationship of the gneiss series to the trap and Orbitolina 

Relation of crystal- Drosh is obscure. The covering 
line zone to volcanic of Siwalik and younger beds leaves only 

*®*^®®* patches of the older rocks visible here and 

there, and no continuous section is to be seen along the road. I 

have no doubt that clear sections could be found higher up the 

Shishi valley, but as the chief object of my journey lay in the 

Pamirs, I hesitated to deviate from the main road through Chitral. 

The rocks at the mouth of the Shishi valley are so disturbed as to 

give little clue to the true sequence. The gneiss also has been 

intensely folded, and its relationship to the Trap series is not clear ; 

I think, however, that it represents an intrusive granite. The 

true relationship could no doubt be ascertained on the fine section 

exposed in the hills on the right bank of the Chitral river opposite 

Drosh, which I had not time to visit. 

From Chitral to Koghazi on the Mastuj river the road to Mastuj 

lies on the slate and quartzite series, which is intensely folded and 

faulted and in numerous places contains bands of an intrusive dioritic 

rock. Just beyond Koghazi, the crystalline limestone, which has 

Metamorphlc rocks l»itherto been conspicuous high up on the hills 
between Chitral and on the left bank of the river, comes down to 

*^®***“**' the road where the stream from Golen joins 

the Mastuj river. It is completely crystalline, and forms enormous 

cliffs sometimes with a sheer face of a thousand feet or more. The 

Golen stream has cut a deep and narrow gorge through the limestone, 
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which, some little way up the stream and at a short distance below 

the small village of Golen, abuts against granite, which latter 

appears to form the higher hills at the head of the valley. 

Above the Golen stream the limestone again draws away from 

the river which runs through slate almost all the way from Reshun, 

the limestone being higher up in the hills on the left bank. Opposite 

Baranas the lower slopes on the right bank of the Mastuj river ap¬ 

pear, from the opposite bank, to consist of dark slates with reddish 

^ ^ bands passing up into a great thickness of a 
The Reshun section. r o r » 

browi rock forming very thick beds. 

miles below Reshun, where the Owir valley debouches into the main 

valley, this brown rock comes down to the road. The underlying 

slates are hard, dark, often quartzose, and are overlain by a dark 

conglomerace of quartzite pebbles in a coarse slaty matrix. This 

passes up into brown sandstone and grit followed b}' a thin bed (2 

feet thick) of intensely blac': carbonaceous shale. Over this again 

is more grit and sandstone, the grit having strings of pebbles in 

it and passing into a conglomerate. 

In the valley behind Reshun there is a good section of this series. 

About 4 miles up the valley the slate series is 

valur'Sd* Reshun" overlain by the conglomerate. The latter 
must be at least 1,500 feet thick (PI. 28 fig. 1). 

It passes up into a thick series of red shale several hundred feet 

thick. This is overlain by quartzite, followed by hard compact 

limestone, which at Reshun village contains sections of large 

brachiopods, but the limestone is so hard that no fossils can be 

extracted ; the rock merely splits up into rhomboidal fragments. 

Higher up the Yarkhiin river, opposite Shugram and also in the 

high hill behind that village on the right bank of the river, the hard 

Rtshun limestone is overlain by siliceous lime- 
evon an cystein. stone and quartzite. The limestone often con 

tains crinoids. On the very top of the high hill behind Shugram, 

this is overlain by limestone containing a fairly large fauna, com¬ 

prising cLiefly corals and brachiopods. These are the beds, and 

this is probably the locality, fiom which Colonel Gurdon’s fossils des¬ 

cribed by the late Mr. Hudleston^ were derived. As already stated, 

their age is Upper Devonian. Hence the underlying quartzites 

and siliceous limestones presumably represent the lower part of that 

8} stem and probably part at least of the remaining older Paljeozoic 

^ Geol. Mug., Tccade IV, VoJ. pp. 3-8, 49-68. tUnuftry and Febnuuy, 1902. 

p2 
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systems. In the absence of fossil horizons it is impossible to sub¬ 

divide these lower rocks except on a broad lithological basis. The 

siliceous limestone and quartzite, however, recall the upper part of 

the Silurian and lower part of the Devonian systems as seen further 

east in the Himalaya, and may include the Muth quartzite, which 

is such a persistent feature of Himalayan stratigraphy. 

So far, the sequence from the gneiss between Drosh and Gahiret 

Probable sequence. 
up to the Upper Devonian of Shugram seems 

to offer no diflSculties, and appears to be a 

continuously ascending one, at least from the apparently lowest 

crystalline limestone upwards. In fact, the sequence seems to be— 

6. Upper Devonian limestone ; 

5. Siliceous limestone and quartzite ; 

4. Red shale ; 

3. Conglomerate ; 

2. Slate with some quartzite ; 

1. Crystalline limestone ; 

Granite and Gneiss. 

Between the mouth of the Owir valley and Reshun, the most 

conspicuous rock is conglomerate ; blocks of it lie in the river-bed 

and the ground on either side of the road is 

strewn with it. All this transported material 

seemed to belong to the same rock, which is 

made up chiefly of pebbles of grey or white limestone, often 

crystalline, and quartzite ; trap was absent from the blocks 1 

examined. Although there seemed to be some disturbance at the 

mouth of the Reshun valley, the general impression of the 

section was that of a continuous ascending sequence from the 

conglomerate to the Upper Devonian limestone ; at the same time 

both the shale and the conglomerate, though the latter is thoroughly 

indurated, looked suspiciously young for older Palaeozoic rocks ; 

further ground for suspicion lay in the discovery among the 

limestone pebbles of a fragment containing the same fossils, — 

then supposed to be Bryozoa but now known to be Orbitolina (PI. 31 

fig. 4)—as I had found in the limestone associated with the 

volcanic series near Drosh. The apparent position of the 

conglomerate—below the Devonian—led me to infer that either 

the supposed bryozoan limestone must also be older Palaeozoic 

and therefore older than the Drosh volcanics or that there 

was either a fault of great throw or else an inversion in 
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the valley behind Eeshun. The crushed and slaty appearance of 

the Drosh limestone was as favourable to one interpretation as 

to either of the others, while the fossils gave no clue, since 

I could not determine them macroscopically and, if Bryozoa, 

they might be of any age from Ordovician onwards. It was 

therefore preferable to take the simplest explanation, namely, 

that the sequence was normal and the Drosh limestone and the 

Reshun conglomerate both pre-Devonian. I adopted this as a 

working hypothesis during the remainder of my journey through 

Chitral, though my faiti- in it was subsequently shaken by the dis¬ 

covery of trap pebbles in blocks of what appeared to be the Reshun 

conglomerate at Awi, a village on the left bank of the Yarkhun 

river about twenty miles above Reshun. The rock was not in situ 
at that place and I hoped to meet it further on, but did not come 

across it again in association with beds of known age. There was 

no time to go back, as I had to reach the Darkot pass before it 

closed for the early summer months and the true sequence conse¬ 

quently remained doubtful. The discovery now that the supposed 

Bryozoa are fragmentary OrbitolincB and that the conglomerate is 

consequently Upper Cretaceous or Tertiary necessitates complete revi¬ 

sion of the sequence below the Devonian at Reshun, and this is only 

possible in the field. A conceivable explanation is that there are 

two conglomerates between which I failed to distinguish, one pre- 

Devonian and the other Tertiary; otherwise the most reasonable 

interpretation of the section is that there is a fault of great throw 

between the Devonian and the Tertiary. Disturbance is very 

pronounced along the valley on the opposite side to Reshun, and 

the hill-side has in places been reduced by faulting to little more 

than a rubbish-heap. I have also shown that there are indic.‘?tions 

of probable faulting on a large scale in the neighbourhood of Drosh, 

and the belt of gneiss—much of it a foliated granite—which crosses 

the valley of the Chitral river between Drosh and Gahiret is also 

suggestive of a zone of fracture. It is unfortunate that the true 

sequence should be left in such a state of uncertainty. I may seem to 

have entered into unnecessary detail with regard to my difficulties over 

the Reshun section, but as there is no immediate hope of making 

a systematic study of the geology of Chitral, we shall probably be 

dependent for some time on the observations of travellers, who may 

be as restricted as I was in the matter of time and it is advisable 

to help them as far as possible to avoid the pit-falls by which I was 
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entrapped and at the same time to specify the more important 
points that require elucidation. 

The Reshun conglomerate, or one very like it, re-appears among 
crushed and foliated beds at several other points in Yarkhun, Yasin 
and Hunza, and if it is really a single formation and does not em¬ 
brace two rocks of widely different ages, it will serve as a valuable 
guide in unravelling the structure of one of the most complicated 
areas in the Himalayan region. At present we know merely that 
to the north of the igneous and metamorphic belt of Dir and Swat, 
limestone and slate are overlain by a volcanic series, consisting of a 
coarse agglomerate below, followed by ash, trap and breccia and 
probably equivalent in age to the Panjal Trap. Below Drosh the 
volcanic series is associated—probably unconformably—with very 
crushed Orbitolina limestone; beyond the Shishi river it gives place 
to gneiss and crystalline limestone followed by a thick slate series 
with some quartzite. The relationship of the gneiss to the volcanic 
series is unknown, but the problem could be solved by detailed 
study of the structural conditions in the Shishi valley and in the 
neighbourhood of Reshun; the slate series was assumed by me 
to be pre-Devonian, possibly Ordovician or Cambrian and the— 
apparently underlying—crystalline limestone to be older still, but 
this inference depended on the supposed pre-Devonian age of the 
Reshun conglomerate, now a matter of considerable doubt since a 
travelled block of apparently the same conglomerate has been found 
to be not older than Cretaceous. The crystalline limestone and 
slate series may be equivalent to the Ashreth limestone and over- 
lying slate which lies directly under the volcanic series at Mirkani; 
and if the latter is of the same age as the Panjal Trap, the two 
former must be Lower Carboniferous or older. 

[In his interesting notes on the geology of Chitral already referred 
to (supra p. 272), Sir Henry McMahon describes 

* correla- groups of conglomerate-sandstone-lime¬ 
stone, one in the neighbourhood of Mirkani, 

Drosh and Gahiret and the other at Reshun, and he is inclined to 
regard the one as the direct continuation of the other. The lowest 
member of the Mirkani-Drosh-Gahiret group is evidently the Mirkani 
volcanic agglomerate; the second member I have not been able to 
identify, as the only sandstone that I observed at Drosh was the soft 
Tertiary rock; the Gahiret limestone is unmistakeable. From what 
has been said above, it will be seen that it is not probable that the 
Mirkani agglomerate is represented at Reshim, while the age of the 
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Gahiret limestone is doubtful: it is, however, quite possib e that it 
may include metamorphosed representatives of the Upper Devonian 
of Reshun. At the same time the conditions have proved to be much 
more complicated than was formerly supposed and in the presence 
of the intervening belt of gneiss we should not now be justified in 
grouping the Mirkani agglomerate with the Gahiret limestone. 
The supposed simplicity of the sequence was further responsible 
for leading General McMahon to suggest that the coiiglomerate- 
sandstone-limestone represented the Blaini series of the Simla area. 
Had he been able to study the Chitral rocks in the field he 
would midoubtedly have realised that there were no grounds for 
such correlation; there is indeed no lithological or stratigraphical 
resemblance between the Blaini series and any rocks that I have met 
with in Chitral. 

The Upper Devonian beds opposite Reshun and above Shugram 
are overlain by a thick series of paper- and 

series****”*^^*^^'** needle-shales and quartzite. One thin bed of 
crinoid limestone was also observed in the shales. 

Kurther back in the hills, and below the village of Lun, the shale 
series runs to the foot of a Ihie of cliffs formed of the Upper Devonian 
limestone evidently repeated by a fault. Above this is shale similar 
to the series just referred to. Above the village of Lrm, shaly and 
slaty beds predominate, passing up eventually in the high ridge 
above the village into quartzite with some slaty calcareous beds. 
Above this the hills were completely snow-covered at the time of 
my visit, and it was impossible to ascertain the nature of the rest 
of the section. The shale and quartzite series is like a group of 
Palaozoic beds subsequently found in the Pamirs, where it underlies 
the great limestone series that I have called the Pamir Limestone, 
i cannot say if the latter is represented in the hills above I.un as 
they were under snow at the time of my visit, hut the upper part of 
the Mesozoic group is not far off*, for I found on the roadside at Mori 
Lasht, about four miles above the Golen valley, a travelled block of 
bippurite limestone. It may have come from the Owir section. 

From Reshun the road to Mastuj first of all follows the lower 
silicious limestone for some way, subsequently 

*** Koragh crossing it on the spur which juts out into the 
river on its left bank opposite to, and just above, 

Shugram. Here it passes up into a brown limestone with quartzite. 
The limestone is full of crinoid stems, all crystalline and not 
sufficiently well-preserved for determination. There is considerable 
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Possible fauliing. 

disturbance and probably faulting here, but the limestone appears to 
pass up through alternation with shale into quartzite. On the ridge 
which turns the river just below Koragh, there is a good section of 
the Devonian beds. The scree from the ridge is full of the same 
fossils as were found by Col. Gurdon in the section opposite Keshun. 
Sometimes Spirifer Verneuili composes whole bands of rock of a 
thickness of as much as six feet; below these are bands of coral, 
and under that again a shaly bed with Atrypa as'pera and trilobites. 
Each of these fossiliferous bands is separated from the others by a 
thin band of quartzite. Higher up the ridge the fossiliferous beds 
are underlain by dark shales passing down into brown and grey 
limestone full of corals. Below this again is a thick mass of pale- 
yellow and white quartzite, which one is tempted to regard as 
the equivalent of the Muth quartzite of the Himalaya. 

The fossiliferous beds are overlain towards the end of the Koragh 
spur by quartzite like the underlying rock just 
referred to, and there seems to be a fault through 

the spur. I found no fossils in the quartzite, but it would be advis¬ 
able to examine the higher parts of the spur behind the fossiliferous 
beds in the hopes of finding the rest of the Palaeozoic group including 
the Lower Devonian limestone of Showar Shur. So far as the Upper 
Devonian fossils are concerned, this locality is a more prolific, as well 
as a more accessible, one than that above Shugram. As a rule, too, 
the fossils are very well preserved, and large collections can be made 
in the course of a few hours. I now regret that I did not spend 
several days here in examining this section and that of Owir in 
order to determine the complete sequence, but as I have already said, 
I was pressed for time, since I wished to leave Chitral via the Darkot 
pass, which is usually closed to traffic from the middle of April till 
July. It was also reasonable to expect that a complete section 
of the lower beds would be exposed further up the valley of the Mas- 
tuj river, but in this respect the Chitral valleys generally are most 
disappointing; one is continuously buoyed up with the hope of finding 
a good exposure of the sedimentary series round the next bend 
which, however, one turns only to find the sequence disturbed either 
by extensive faulting or by intrusive granite. 

Opposite Koragh the Mastuj river is joined by another broad 
stream which drains Murikho and Turikho, a 

Tu^kho***^ sequence in valley running up to the snowy peaks 
opposite Kala Panja. The valley is the struc¬ 

tural continuation of that of the Mastuj river from Koragh 
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Rocks between 
Koragh and Jhopu. 

downwards, and the sedimentary series of Owir and of the hills behind 
Shugram ought to be well exposed in it unless they have been 
confused by the intrusive granite of the Tirich Mir massif. 

Above Buni the Mastuj river flows from east to west, and the 
Devonian beds appear to cross it and run along the high ridge between 
Turikho and the Yarkhun valley. At Awi the hillside is covered 
with blocks of conglomerate which have fallen from tlie cliffs above; 
the rock is superficially very like the Reshun conglomerate, but 
contains pebbles of dacite and Fusulina limestone. From Awi 

to Mastuj the rocks on the left bank of the river 
are crystalline limestone, slate and quartzite. 
The crystalline limestone is apparently the same 

as the rock found near Kes, between Drosh and Gahiret, and is 
presumably a continuation of that series. It continues up the 
Yarkhun valley to Jhopu, the prevailing rocks between Mastuj and 
that village being slates (often schistose), crystalline limestone and 
granite. The rocks are all highly altered, and the facies is a meta- 
morphic one. In the neighbourhood of Jhopu, the strike, which 
has hitherto been on the whole SW-NE, gradually swings round 
and is almost W-E. From Jhopu the crystalline limestone runs up 
towards the Tui pass; this observation, however, was only made 
from a distance. Immediately below Jhopu the limestone forms 
cliffs on the left bank of the Yarkhun river; these are often 
beautifully polished and covered with glacial striae. 

Jhopu lies at the southern end of the Ishpirin defile, which is an 
immense gorge cut through a range of granite 

Granite and mefa- and gneissose granite, the westerly continuation 
morphic rocks of Ishpirin e a i t t_ j. ^ r xr • 
defile and Yarkhun. f^he feakez Jarab range at the head of Yasm. 

The gorge runs north-south and almost at right 
angles to the strike of the sedimentary series found at either end of it. 
The upper Yarkhun valley above the defile runs approximately 
east-west. At the northern end of the defile, about miles above 
the small village of Dubarghar, granite gives place to limestone, 
which forms great cliffs on either side of the river and also on the high 
hills on the right bank behind Turipotk, where the Koksuin stream 
from the Shah Janab pass enters the Yarkhun river. Just above 
the small village of Yakhdan, rocks similar to the Reshun conglo¬ 
merate, grit and crinoid limestone are found on the right bank of the 
river. All the rocks are much metamorphosed, and granite seems 
to prevail in all the higher hills, for it is the chief rock in the moraines 
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and in the river-bed. Behind Lasht, which is on the right bank of 
the river, the crinoid bmestone series, which presumably represents 
the Devonian of Reshun, underlies a very thick series of black 
slate and white quartzite, which forms the high ridge behind (north 
of) the village. This extends up to the snow-line, where it is in 
contact with intrusive granite. It is probably the series already 
observed above the Upper Devonian in the hills behind Shugram. 
These rocks—conglomerates, limestones and slate with intrusive gra¬ 
nite—continue all the way to Petus, the last village in the Yarkhun 
valley. The strike has gradually become more and more equatorial 
and has determined the course of the Yarkhun valley. The high 
peaks to the south of Petus are probably composed entirely of the 
granite and gneiss seen in the Ishpirin defile. At Petus there is a 
warm spring, the temperature of which, however, is low, probably 
between 60° and 70°. 

Above Petus the prevailing rocks in the Yarkhun valley are slate 
and quartzite, with some limestone and granite in the high hills on 
either side. Granite is also intrusive in the sedimentary beds, where 
the road to the Baroghil pass crosses the Yarkhun river, at the 
bridge below Dasht-i-Baroghil. Here the river rushes through a deep 
and narrow granite gorge, which is crossed by a small foot-bridge. 

The Dasht-i-Baroghil is a shallow valley some four* miles long 
and half a mile wide, covered with moraine 

he arog ass. niaterial. It appears to have been once the 

bed of a glacier which flowed from the snow-fields above 
Petus,—now embracing the Chatiboi and Darkot glaciers—^into 
the Oxus in Wakhan. Huge erratics of granite, which must have 
been derived from the high peaks to the south-east, are found strand¬ 
ed on the slopes on either side of the Dasht-i-Baroghil. On the right 
bank of the river, and between the Dasht-i-Baroghil and the Shawi- 
takh pass, there is an extensive series of sedimentary rocks undis¬ 
turbed by granite. At the time of my visit (May 5th to 8th, 1914) 
almost all this country was under snow, and it was impossible to find 
a complete or continuous section. The Lower Devonian fossils 
described by Mr. Cowper Reed (Rec. Geol. Surv. India, XLI, 86, 
1912), which were collected by Major Grant in 1898, were found 
near Showar Shur in the Yarkhun valley, about 8 miles beyond the 
Baroghil pass. They occur in a dark and rather fetid limestone, 
and I failed to find anything resembling this rock in the Baroghil 
sections, nor could I find boulders of it among the moraines. It is 
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probably obliterated by the granite at the southern end of the Dasht- 
i-Baroghil; the hills on the west, where it might also be found, were 
inaccessible on account of snow; so also were the hills between 
the Shawitakh and Karambar passes; they looked promising, how¬ 
ever, and would certainly supplement considerably the Baroghil- 
Shawitakh section. 

Devonian. 

The southern ascent to the Dasht-i-Baroghil is, as already stated, 
over granite. The next rocks observed above the granite belong to 
a series of quartzite and siliceous limestone, all much crushed and 
often quite shaly. The limestones contain very badly-preserved 
specimens of Spirifer, which are too poor for determination, but may 

be Sp, Verneuili, They are found below a thick 
bed of quartzite which forms the southern shore 

of the small lakelet at the southern end of the Dasht-i-Baroghil. 
On the northern shore of the same lakelet, crushed limestones and 
quartzites were found, the former containing corals, which, however, 
were not determinable. At Baroghil Ailak, this series passes up 
through thin-bedded, grey, brown-weathering limestone into shale 
and quartzite, which continue for a considerable distance along the 
ridge separating the Dasht-i-Baroghil from the Yarkhun valley. 
The shale and quartzite series passes up through thin-bedded lime¬ 
stone full of crinoid stems into shale and shaly limestone containing 

, Athyris, Spirifer and Fenestella, An outcrop of 
Carboniferous and .i- r -i-r j • i • i 

Permian of Yarkhun this lossiliterous bed is seen on the long ridge 
river between Baroghil running down into the valley above the stone huts 
Ailak and Shawitakh. x x: i. j i i i r 

of the hrst grazing-ground on the right bank of 
the Yarkhun river above Baroghil. About 50 feet above the first 
fossiliferous layer, shaly limestones contain, in addition to a similar 
fauna, also Spirifer rajah. The latter bed is overlain by hard and 
splintery grey limestone full of small white specks, which are altered 
FusulincB. About a hundred feet higher up, a dark grey, very hard 
band of limestone contains corals and aBellerophon very like B. 
Jonesianm Kon. of the Salt Range. Above these there is a band 
full of calcareous algae and well-preserved Fmulince, The same 
limestone extends for about 300 feet higher up, becoming shaly 
above. It is full of the same Bellerophon and calcareous algae. 
Corals are numerous, and include species of Michelinia and Lonsdaleia 
(L. indica Waag. and Wentz). This limestone is followed by about 
50 feet of quartzite overlain by a hard, dark grey, splintery limestone 
with Product% Chonetes and Fusulince. The Producti include P. 
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eemireticulatus Mart., P. Abichi Waag., P. Konincki Vein., and P. 
cora d’Orb., and occur chiefly in one band about 50 feet above the 
base of the linaestone. The Chonetes occur about 2 feet higher up, 
and are overlain by Fusulina limestone. About 10 feet higher up, 
another band occurs with P. cora d’Orb. and Chonetes. Producti 
and Chonetes then extend for some considerable distance up 
through the limestone, the next fossfliferous band being a shaly 
limestone containing Derbyia sp. and Fusulina. Above this is a 
solid mass of Fusulina limestone. The total thickness of the whole 
of this fossiliferous limestone band from the top of the underlying 
quartzite is about 500 feet. It is overlain by pale-grey limestone, 
with one thin band full of corals. This is followed by a band 
of dark ferruginous grit, which has the appearance of having been 
brought in by a fault. Above this again is dark grey limestone 
like the lower part of the Fusulina limestone but apparently un- 
fossiliferous; it is overlain by a great thickness of thin-bedded 

pale-grey limestone, very hard and compact 
ShawHakh ***”***®”® and in beds of from six inches to a foot thick. 

This limestone is part of the very thick series 
which extends up to, and over, the crest of the Shawitakh pass, 
sometimes pale grey and compact, sometimes darker, and occa¬ 
sionally shaly. In its upper beds it resembles the upper Triassic 
limestone of the Himalaya. It probably corresponds, at least in 
part, to the Pamir limestone. I failed to find any fossils in it, but 
my examination of it was very cursory as most of the country was 
under snow. Its position overlying the Fusulina limestone indicates 
a Triassic age, at least for the lower part of it. 

The fossiliferous series seems to extend from Upper Devonian 
to Permian, the beds at the small lake at 

PaSozoic^eds!*^ *****^**^ south end of the Dasht-i-Baroghil being 
probably, as already stated, the represent¬ 

atives of the Upper Devonian of Koragh and Eeshun, while 
the overlying slates and quartzites are presumably Carboniferous. 
The fauna of the fossiliferous beds recalls in many respects that of 
the Productus Limestone of the Salt Kange. The following partial 
list of the fauna is based on a rough preliminary examination of 
my collections, and includes all the fossiliferous horizons observed : 

Productus semireticulatm Mart. 
„ Abichi Waag. 
„ Konincki Vem. 
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Productus cora d’Orb. 
Spirifer rajah Salt. 

„ fasciger Keys. 
Derbyia sp. 
Chonetes sp. 
Athyris Royssii Lev. 

„ subexpansa Waag. 
Pseudomonotis sp. 
Bellerephon cf. Jonesianus Kon. 
Pleurotomaria sp 
Fenestella sp. 
Protoretepora sp. 
Fusulina sp. 
Schwagerina princeps Ehr. 
Lonsdaleia indica Waag. and Wentz. 
Michelinia sp. and many other corals. 

This fauna is evidently Upper Carboniferous to Permian. 

This is the most extensive section that I found in Chitral, and 
would well repay further study. My visit, however, was paid too 
early in the year; in June or July the hills on the west of the 
Dasht-i-Baioghil would probably be more or less free from snow and 
ought to yield a fine section. 

From the top of the Shawitakh pass the hills on the other side 
of the Oxus are clearly seen to be composed of 

the^Oxus^* ****** across ^ black slate series which 1 subsequently ex¬ 
amined along the boundary between the Great 

Pamir and Wakhan. It is the same as the shaly series underlying 
the Pamir Limestone at Aktash, and is almost certainly Upper 
PalsDozoic. What its relationship is to the Baroghil-Shawitakh Pal- 
a30Zoic series has not been determined, but it presumably re¬ 
presents the slate and quartzite series which I have referred to the 
Carboniferous. The apparent absence from the greater part of the 
Pamirs of the Fusulina limestone^ and of the associated fossiliferous 
beds seems to indicate that the calcareous facies of the Upper Pal¬ 
aeozoic of Chitral is replaced further north, as it is in the Himalaya, 
by a shallow water facies consisting of shale and sandstone (slate and 
quartzite). 

' One fragment, a small pebble, of Fusulina limestone was found near Aktash in the 
Russian Pamirs {infra page 310). 
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The Oarkot Pass. 

11.—Vasin, Qilgit and Qujhal. 

The Yasin valley is separated from the Upper Yarkhun by 
the Sakez Jarab range of gneiss and granite 
and its westerly continuation already referred 

to. At the head of Yasin the range is crossed by the Darkot 
Pass, which was formerly accessible both from the north-east 
and from north-west along the two Darkot glaciers. The former 
route, however, is now said to be no longer practicable, and I ap¬ 
proached the pass from Petus. Owing to the necessity for starting 
shortly after midnight, and also to a snow-storm, which came on 
some time before daybreak and continued throughout my march, 
it was impossible to see the hills on either side of the glacier. It is 
probable, however, that they are composed of gneiss and granite, 
which was the rock found on the Darkot Pass and which extends 
down to the small village of Gakshi at the head of the Yasin valley. 
A short distance below this village, at the old frontier fortifications 
of Darband, the metamorphic rocks give place to a series of black 
shale and slate dipping to the north and underlain first by shaly 
limestone and subsequently by a thick series of massive grey lime¬ 

stone. The shaly limestone contains large num- 
bers of Bryozoa and Fusulince. It also con¬ 
tains bands full of Product^ which have been 

crushed almost flat. With the exception of the Bryozoa and the 
Fusulince, all the fossils in these beds are so badly crushed as to be 
indeterminable specifically. The shaly limestone is associated with 
paper shales containing impressions of Derbyia and what appeared 
to be a Lyttonia, In spite of the bad state of preservation of the 
faima, I think there is little doubt that this series represents the 
Fusulina limestone and associated beds of the Baroghil area. The 
underlying massive limestone, which forms high cliffs on either 
side of the river, is grey and splintery, and yielded no fossils. All 
these rocks strike west-east, and they almost certainly represent 
the continuation of the sedimentary series of the Yarkhun valley 
between Jhopu and Mastuj. The strike, which, throughout Chitral, 
followed approximately the trend of the chief hill-ranges, has gra¬ 
dually swung round from NE-SW to E-W with a tendency at the 
Baroghil and also in Upper Yasin to assume a slight southerly 
deflection. 

The fossiliferous series of Darband appears, as already stated, 
to be xmderlain by a massive limestone, which, again, is underlain 
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by slate, often calcareous. The series is intensely folded, and the 
limestone is not really so thick as it appears to be. It is faulted and 

brecciated, and in the absence of fossils it is 
and impossible to say whether it is younger or older 

than the limestone with Fusulinw and Bryozoa, 

since the disturbance is such that the beds may quite possibly be 
inverted. I have assumed, however, that the sequence is normal 
and that the massive limestone underlies the fossiliferous beds. As 
will be seen from the rough sketch-map, the sedimentary beds are 
merely a fragment rejuaining in the midst of gneiss and granite. 
The underlying calcareous slates are seen on the northern side of the 
valley at Darkot, and appear to extend across into Ishkaman. 
Below Darkot the valley is bounded on either side by steep cliffs 
of metamorphic rock comprising hornblende gneiss and metamor¬ 
phosed grits and pebble beds and subsequently granite, which latter 
extends to Amurchat. The presence of metamorphosed grits and 
pebble beds below Darkot suggests the continuation of the conglo¬ 
merates and grits of Chitral, and at Amurchat the fans of the side 
streams are full of fragments of rocks like the Reshun grit and con¬ 
glomerate, while a little below the village immense blocks of the 
conglomerate are seen in the river-bed. They appear to have been 
brought down from the hills on the left bank of the river. A little 
further down the main valley, the hills on either side are composed 
of slate and quartzite very like the series prevailing between Gahiret 
and Reshun in Chitral. These beds dip first to the north, but are 
much contorted and faulted. At the junction of the Tui and Darkot 
rivers, the quartzites are almost vertical, dipping, however, at a high 
angle to north-north-west, and are overlain by grey and whitish 
crystalline limestone having a similar dip. Below these, again, 
are quartzite, slate and, opposite Sandi, brecciated limestone. All 
these beds are highly metamorphosed, intensely faulted and brec- 
ciated, and no trace of fossils was observed. 

The same series appears to continue through the Dasht-i-Taus 
to the village of Yasin, and I at first regarded 

Cretaceous at immediately behind the 

Rest House on the right bank of the river as 
part of the same metamorphic series. Closer examination, however, 
proved that the latter beds were highly crushed and indurated sand¬ 
stones with thin bands of equally crushed shaly limestone. The 
shaly limestone, which is almost vertical, proved, on examination, 
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to be full of Eiffurites, which stand out in lumps all over the bed. 
The fossils are intensely crushed, sometimes almost completely 
flattened. This Hippurite limestone is underlain by indurated sand* 
stone followed by calcareous shale with OrbifoUim, which, again, 
overlies a conglomerate composed chiefly of pebbles of trap. Below 
the conglomerate there is a great mass of trap, which, with granite, 
extends practically all the way to Gupis at the junction of the 
Yasin and Ghazar rivers. The trap is interrupted by the intrusive 
granite between the villages marked Duman and Sundri on the map,— 
names, however, which appear to be locally unknown. The trap 
seems to be of the usual type characteristic of the Panjal Trap of 
Kashmir, and the lower boundary of the Yasin Cretaceous beds is 

therefore an unconformable one, the whole of the 
an] rap in as n. pj-^Cretaceous portion of the Mesozoic group be¬ 

ing absent. In fact we seem here to have found another point on the 
line of the great Cenomanian transgression with which we are familiar 
in North-Western India and Afghanistan (Mem, Geol. Surv, India, 

XXXIX, 80, 81 [1911]). How these beds are bounded on the north 
I cannot say. Only a detailed examination of the area wiU enable one 
to determine this. Possibly they are separated from the slate and 
quartzite series by the fault running along the valley of the Naspar 
Gol (stream), which joins the main valley from the west at Yasin. 

Below the village marked Sundri on the map, the intrusive gra¬ 
nite gives place to trap again for a short distance, but this is soon 
succeeded by vertical beds of crystalline limestone penetrated by 
veins of trap. This is succeeded to the south by a conglomerate 
followed by metamorphic schistose and gneissose beds with intru¬ 
sive granite and coarse dioritic rocks like those met with between 
Sado and Rabat in Dir. The crystalline limestone and conglo¬ 
merate may possibly represent the agglomeratic slate and associated 
limestone of Kashmir. This is merely suggested as an impression 
gained from the general lithological sequence between Yasin and 
Gupis; it is merely tentative and I lay no stress on it, for the futility 
of attempted classifications based purely on lithological association 
is as patent in Chitral and the Pamirs as it is in the Himalaya. 

In his “ Notes on the Geology of Gilgit,”^ General McMahon has 

Granite and mcta- described a number of specimens of rocks col- 
morphlc rocks of Gllglf lected, partly by Sir Henry McMahon and partly 
andHtinza. Captain (now Sir) J. R. Roberts, in the 

» Q. J. G. S., LVI (1900), 337-368. 
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Gilgit Agency including Yasin and Hunza. A considerable number 
of these specimens came from the Gilgit-Gupis road, and consist 
of granite, diorite, amphibolite, crystalline limestone and various 
schists. This series extends all the way from Gupis to Gilgit along 
the valley of the Yasin river, which runs somewhat obliquely across 
the strike. From Gupis to Roshari the prevailing rocks are dioritic, 
but at the bend of the river at the latter village crystalline limestone 
is found dipping south-west and penetrated by bands of trap which 
sometimes run parallel to, and sometimes cross, the planes of folia¬ 
tion. There is a great an^ount of disturbance here, including appar¬ 
ently an inversion, and the limestone and trap are occasionally inter¬ 
mingled in such a manner as to form a rock resembling a calcareous 
conglomerate, presumably of autoclastic origin. The metamoiphic 
series, consisting of crystalline limestone, calc-schists, calc-gneisses, 
quartzites and amphibolites, continues all the way to Gilgit, pene¬ 
trated by, and sometimes giving place to, great masses of granite. 
From Gilgit to Hunza, the road, which follows the valley of the Hunza 
river, runs directly across the strike of the rocks and between Gilgit 
and Nomal crosses the same metamorphic series. Between Nonial 
and Chalt the prevailing rock is granite, with hornblende schists and 
hard fine-grained gneisses. Associated with these are rocks which 
appear to be metamorphosed traps and also a highly metamorphosed 
bed of conglomerate now almost a gneiss. 

Many of these rocks have already been described by General 
McMahon, and 1 agree with him in regarding this metamorphosed 
series as the altered representatives, at least in part, of the sedi¬ 
mentary systems of the North-Western Himalaya. Between Chalt 
and Nilt, the rocks of the Budalas hill-side consist of a calcareous 
series dipping at high angles to the north and overlain by crushed 
conglomerate resembling the Reshun rock. Above Chalt, the valley 
of the Hunza river follows the strike, and has been cut out along a 
crushed anticline. Crystalline limestone is seen on both sides of the 
river, and appears to be overlain by the conglomerate series. 

The calcareous series continues on up the river to Ataabad; 
from Aliabad onwards, it is full of granite intru- 

Qu^haJ*”******^ *^***^*^ sions, the “ stink-stone ” referred to by General 
McMahon being a very coarse white and grey 

crystalline limestone often containing phlogopite. From Ataabad 
granite and schist continue all the way to Husaini, a small village 
a short distance above Gulmit, where they suddenly give place to 

E 
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dark slates, chiefly calcareous, dipping at high angles to the south. 
These continue most of the way to Pasu, with occasional bands of grey 
quartzite which weather to a creamy yellow. At Pasu the beds 
are much folded and faulted, and a thick limestone series forms high 
cliffs on either side of the river. In the hills on the right-hand side 
of the Pasu glacier, there is a dark limestone resembling an altered 
coral limestone and like the coral limestone exposed on the northern 
shore of the small lakelet at the southern end of the Dasht-i- 
Baroghil. This limestone also yielded some indeterminable frag¬ 
ments of brachiopods. It differs from the massive limestone which 
forms the high cliffs behind Pasu and which is a hard light-grey 
splintery rock apparently the same as the main mass of limestone 
forming similar cliffs at Darband in the Darkot valley (see p. 294). 
The latter limestone west of Pasu is underlain by slaty limestone 
dipping at high angles to the south, but the junction appears to be 
faulted. The slates are underlain by massive grey limestone, 
and a short distance above Pasu a block of dark-grey limestone 
found on the scree at the foot of the cliffs yielded a badly- 
preserved fragment of *!Cyaihophyllum, Further up the valley the 
ridge on the northern side of the Batur glacier is formed of slate 
overlying limestone; the junction again appears to be faulted. 
On the right bank of the river, about mile above the Batur glacier, 
an old river flat is covered with blocks of conglomerate exactly like the 
Reshun conglomerate ; it is considerably crushed, but its resemblance 
to the Reshiin rock is otherwise most striking. Blocks of quartzite, 
grit and pebble-bcd also occur in the same locality, and all appear 
to have fallen from the high hills on the right bank of the river. 
About one mile below Khaibar, I found blocks of limestone very like 
an altered Fusulina limestone, but, owing to their state of alteration, 
the included bodies could not be definitely identified as Fusulince. 
All the rocks in this locality have a steady dip to the south, 
and a strike, for the greater part, of east-west. At Khaibar the 
strike swings to WNW-ESE or even NW-SE, but this is only 
local. Up to Khaibar, therefore, the whole of Gujhal consists 
in the main of an alternating series of calcareous and slaty rocks. In 
the south, between Hunza and Husaini, they have been altered by 
granite and converted into schists and gneisses. Above Husaini there 
are slates and limestones, and apparently also the Reshun grit and 
conglomerate. In view of the strike throughout the intervening area, 
there is, 1 think, no doubt that these rocks represent the Palseozoic 
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and Mesozoic beds of Chitral and Yasin. The conglomerate was not 

seen in situ and its relationship to the slates and limestone not deter¬ 

mined. At and above Khaibar, the Hunza river runs in a deep valley 

between cliffs of limestone which rise to several thousand feet above 

the river. Disturbance has been very considerable, and the limestone 

is greatly folded and often converted into a fault breccia with a grey 

calcareous ground-mass of the consistency of table-salt. For about 

mile below Murkhun, on the left bank of the river, blocks of lime¬ 

stone, evidently derived from the overhanging cliffs, contain white 

calcite sections of large Umellibranchs which 1 attribute doubtfully 

to hippurites. Just below Gircha, the cliffs on the left bank of the 

river consist of dark grey limestone underlain by a black slaty 

limestone alternating with beds of slate. These pass down into 

slaty quartzite and the section recalls that of the Baroghil pass. 

Unfortunately, however, such fossils as occur are too fragmentary 

and too greatly metamorphosed for determination. Just below Gir¬ 

cha, a hard splintery dark-grey limestone is seen, with intrusions of 

trap, and at Gircha itself the hills are composed of dark thin-bedded 

slaty limestone. On the whole, the facies from Khaibar to 

Gircha is essentially a massive limestone one, and includes pro¬ 

bably both Upper Pala‘ozoic and Mesozoic beds. Here and there in 

the river-bed, occasional boulders of the supposed Reshun conglomerate 

are found, but they are all small and have probably therefore tra¬ 

velled some considerable distance. 

A few miles above Misgar, a fan of the stream joining the Hunza 

river at Sost contains many boulders of what appears to be a meta¬ 

morphosed crinoid limestone. 

Just above Khodabad, quartzites and slates are exposed in the 

cliffs on the left bank of the river and dip at high angles to the north. 

About 3 miles below Misgar, the hills on either side of the river 

Slate aeries and composed of dark shales exactly like the 
Pamir Limestone near series already referred to as occurring in 

^***'**’’ Chinese Turkestan and the Russian Pamirs, 

where they underlie the Pamir limestone and are almost certainly 

of Upper PalsDozoic age. No fossils were observed in them in the 

neighbourhood of Misgar. On a moraine below that village, however, 

I found a block of dark slaty limestone containing Spirifer and 

many small Bryozoa, Other fragments of rocks found in the same 

neighbourhood consist chiefly of limestone derived evidently from the 

higher hills on the right side of the valley. These hills consist of 

E 2 
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Blatft and ehale below and limestone above. The section, which 
appears to be a good one and less affected by metamorphism than 
most of the rocks in Gujhal, would probably be worth studying. 
Slate is seen for some little distance above Misgar, but is soon 
replaced by granite which continues all the way to the Mintaka 

pass. 
HI.—The Taghdumbash and Russian Pamirs. 

Immediately across the Mintaka pass the granite gives place to 
a dark slate series, which extends throughout 

Shale and rfafe series the whole of the south-western corner of 

ChlnweTurkesU^^^ Chinese Turkestan, including the Karachukar 
valley and its tributaries, such as Kuktiiruk, 

Tagharmansu and others, as far down as, and to some distance 
below, Beyik. The series here consists in the main of slates, occa¬ 
sionally calcareous as at Lup Gaz, quartzites, volcanic rocks, 
needle-shales, and occasional bands of limestone. In the higher 
hills, such as those surrounding the Mintaka pass and those at the 
heads of the Kukturuk, Tagharmansu and probably also the Beyik 
valleys, the series is chiefly slaty, owing to the neighbourhood of 
intrusive granite and other igneous rocks; where, however, the 
igneous rock is some little way off, needle-shales take the place of 
slates and vividly recall the Spiti Shales of the Himalaya. The series 
extends to the west, and is clearly the continuation of that seen from 

' the Baroghil and Shawitakh passes extending far to the north on the 
right bank of the Ab-i-Panja (Oxus). It was, in fact, subsequently 
met with by me in the mountains between the Great Pamir and 
Wakhan—^the Wakhan or Nicholas range,—whence it appeared to 
be perfectly continuous through the Kara jilgha and Wakhjir passes 
into the south-western extremity of the Taghdumbash Pamir. Here 
and there thin bands of crystalline limestone run through it, one 
such band being conspicuous in the hills between the Tagharmansu 
and Karakokti valleys. A similar—^possibly the same—band was met 
with in the Great Pamir running from Salangur lake through the hills 
on the right side of the XJrtabel valley. 

A marked feature of this slfite series wherever met with in the 
Pamirs is the presence in it of great quantities 

aiidwTt“he8Ute‘“"e*. igneous material. When I first met with the 
latter in the Taghdumbash Pamir, I was doubt¬ 

ful as to whether I was dealing with subsequent intrusions or with 
contemporaneous flows. In the Karakokti valley it is found as a 
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black band of trappean rock, which seems to be associated with 
granite and overlies slate (altered needle-shale) and quartzite; it 
appears to be interbedded, but is really a sill. Further down the 
Karachukar valley the hills on the left side between Mintaka and 
Beyik appear from the opposite side of the river to be composed 
of dark trap with no perceptible bedding, while on the right side of 
the valley grey and black igneous rocks replace the slate series, 
which, however, is found again at the mouth of the Sarik (Sara) 
jilgha, where the igneous element is clearly intrusive; the prevail¬ 
ing type is the same as the Karakokti rock. In the Little Pamir 
the slates are penetrated everywhere by intrusions of dark igneous 
rock, which is perhaps the same, although I have no specimens 
by which to verify this microscopically. 1 am indebted to my 
colleague, Mr. H. Walker, for the following account of the micro¬ 
scopic characters of the rocks from the Karakokti and Karachukar 
valleys in the Taghdurnbash Pamir : 

‘‘ These rocks have undergone considerable alteration, but sufficient 
of the original minerals and structme remains to enable one to iden¬ 
tify them as belonging to the Andesite family. Some contain 
much more quartz than others, and this causes one to suggest that 
the former should be regarded as dacites and the latter as quartz 
andesites. 

The rocks are characterised by excellent phenocrysts (PI. 31 figs. 1, 2). 
The most obvious are quartz. These are sometimes well-shaped 
but are more frequently irregular with corioded edges, and with 
inclusions of the ground-mass. The felspar phenocrysts are less obvious, 
for, owing to the degree of alteration, they do not stand up well 
from the groimd-mass. They are plagioclase, are idiomorphic, and 
are usually well-formed. In all cases, they are much altered, with 
the formation of sericite and calcite, but the alteration has not pro¬ 
ceeded to such an extent as wholly to destroy the lamellar twin- 
ning. 

In all the slides the ferro-magnesian phenocrysts are now repre¬ 
sented by alteration products after hornblende (PI. 31 figs. 1, 3). In 
the slide carrying the greatest number of quartz phenocrysts the origin¬ 
al hornblende crystals arc now aggregates of pale-coloured chlorite, 
quartz and titanite (?) ; whilst in another slide it has altered to a 
deeper-coloured chlorite with separation of a small amount of ferru¬ 
ginous material.. In the other cases, decomposition has proceeded 
until only a little calcite and iron-oxides remain. In several cases 
these oxides have leached into the ground-mass and stained it red. 
In one case only (where there are few quartz phenocrysts) are there 
indications of mica in conjunction with hornblende. The long natTow 
crystal forms with other shorter, broader, but jagged-ended forms 
(all replaced by iron oxides) point to mica as an original mineral 
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constituent. In those slides in which quartz phenocrysts are not 
very abundant and where also the ferro-magnesian minerals are now 
replaced by iron oxides and not by chlorite, apatite is found (PI. 31 
fig. 3). It occurs as short stumpy prisms. Oxides of iron are 
included in the apatite, and are usually arranged peripherally. Oc¬ 
casionally flakes of hematite are to be seen in the body of the 
apatite crystal. 

In all these rocks the ground-mass is micro-crystalline, in some 
cases more coarsely crystalline than in others. In the dacites both 
quartz and felspar can be recognised in the ground-mass. In the 
more finely crystalline rocks it is not possible to recognise the younger 
generation of either felspar or quartz. A certain amount of the 
ground-mass contains secondary carbonates.” 

Amongst the pebbles collected from the Reshun conglome¬ 

rate at Awi I have found typical specimens of the andesite (PI. 31 

fig. 2), which is, therefore, pre-Tertiary. A lower limit for its 

age is given by the slates which are certainly as young as Upper 

Palasozoic and may even extend up to Triassic. In the Little 

Pamir the rock intrusive in the slate series near the mouth of the 

Shindi valley has penetrated the uppermost beds of shale and has 

even affected the lower part of the limestone; I have not found 

the intrusive rock in the Pamir Limestone proper, but my examina¬ 

tion of that formation was not extensive enough to justify the 

statement that it is not penetrated by the andesite. The ques¬ 

tion of the age of the latter must therefore be left in this unsatis¬ 

factory state of doubt; it is unlike any of the members of the Panjal 

Trap series, but resembles in some respects the so-called porphyries 

and porphyrites of the Tian Shan^ and Ferghana.^ Both in the 

latter province and in Bokhara an extensive volcanic series is 

associated with the uppermost Palaeozoic beds. 

Below Sarik jilgha granite replaces the sedimentary series and 

continues to about 3 miles below Beyik, where it gives place to 

limestone which strikes ESE-WNW and dips at high angles to 

NNE. At first the limestone is crystalline and associated with 

gneissose beds, but it soon passes into a hard grey and brown 

rock containing many badly preserved remains of fossils which 

include corals and lamellibranchs. This is the south-easterly con¬ 

tinuation of the rock that I have named the Pamir Limestone 

and which is the most conspicuous rock in the south-eastern 

^ G. Romanowski: Materialien zvr Geologie von Turkestan. Lief. J (1880). 
* V. Weber: Reoherehes g^ologiquos faites cn 1904 dans la province do Sj^-Daria. 

BfUL Com. Qiol., Peitograd, XXIV, 347 (1905). 
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part of the Bassian Pamirs. In the hills 
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down through creamy-yellow beds into a 

^ I am indebted to my colleagues* Messrs. G 
oonfirmation of tbit rieWe 

on the left bank of the 
river opposite Ujadbai, 

the massive limestone is 
overlain by thin-bedded 
and shaly limestones 

with shales, followed by 
an unaltered dark false- 
bedded sandstone with a 
lateritic bed at its base. 
The sandstone is evi¬ 
dently a fluviatile one, 
and is perhaps the re¬ 

presentative of the Ter¬ 
tiary beds of the Indus 
valley in Ladak. The 
rocks here form a sync¬ 
line. The sandstone 
which I have referred to 
the Lower Tertiary is 
underlain by beds con¬ 
taining gastropods and 
lamellibranchs, and 
immense numbers of 
spines and other frag¬ 
ments of echinoids. The 
fauna is so badly 
preserved and so frag¬ 
mentary that I was im- 

able to find anything 
determinable ; the general 
asjiect of it, however, 
seems to be Cretaceous.^ 
Below the shaly lime¬ 
stones massive grey lime¬ 
stone is again exposed in 
the hills on the left bank 
of the river below Ujad¬ 

bai. It is underlain by 

a bright-red, broken 

limestone which passes 
black carbonaceous shale with 

H. Tipper and G. de P. Cotter for 
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layers of quartzite. Below this again dark beds of shale with carbonaceous 

bands extend for miles along the river into the Taghdumbash 

Pamir. Here and there infolded masses of the Pamir Limestone 

aiid what seems to be a lower belt of limestone are found among 
the shaly series. 

At Acheqtash on the right bank of the river, there is a warm 

^ . sulphur spring, and here, as also in the hills 
on the opposite bank, the black carbonaceous 

shales are associated with gypsum and are so exactly like the 

Angara (Saighan) series of Northern Afghanistan that I assumed 
without hesitation that they were merely the easterly continua¬ 

tion of that series. Their association, also in the hills opposite 

Acheqtash, with black needle-shales full of concretions and apparently 

perfectly identical with the Spiti shales of the Himalaya led me 

to suppose at first that there was here a passage between the 

freshwater Angara series and the marine shallow-water facies 

of the Himalayan Jurassic. The resemblance to the Saighan 

(Angara) series and associated rocks, was complete even to the 

beds of gypsum and the red calcareous bands at the base of the 

massive limestone, exactly as at the junction between the Jurassic 

and Cretaceous in certain parts of Afghanistan. It would be diffi¬ 

cult to find a more complete exemplification 

Wan'ce'trAtigara^crlTs. attempting to base strati- 
graphical correlation on lithological resemblance, 

liowever complete. Anyone familiar with the Upper Mesozoic of 

Northern Afghanistan could have no hesitation, in the absence of 

fossils, in identifying the carbonaceous shales and the massive grey 

limestone (Pamir Limestone) of the Taghdumbash Pamir with the 

Saighan series and Upper Cretaceous limestone of Northern 
Afghanistan; and for some considerable period I was under the 

delusion that this identification was the correct one, especially in 
view of the fact that the only fossils that I had foimd in any part 
of the limestone at that time appeared to be Cretaceous. Subse¬ 

quent opportunities for studying both the shaly series and the 
Pamir Limestone in the Russian Pamirs proved that this correla¬ 

tion was inconect and that the limestone was probably Cretaceous 

only in its uppermost layers and included also Jurassic and Triassic 
horizons. 

The Taghdumbash Pamir from the point at which the course 

of the Karachukar river suddenly takes a right-angled bend to the 
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north is to a great extent covered with glacial deposits, which 

extend to a thousand feet or so above the present valley bottom. 

The dark shaly series and massive limestone, however, continue 

on the left side of the river in the hills constituting the southern 

part of the Sarikol range. The strike is NW- 

Metamorphism of gE and the same beds appear to constitute 

of far to the east on the right side 

of the Taghdumbash Pamii*. Usually these beds 

are greatly folded and disturbed and also unfossiliferous, for 

although I examined them in considerable detail in the Pislang 

and neighbouring valleys to the west of Acheqtash, I was unable 

to find any determinable fossils. The needle-shales, which so 

exactly resemble the Spiti shales, are full of concretions, but although 

1 broke open many dozens of them, I found no fossils ; their centres 

usually consist either of small nodules of marcasite or of limonite 

pseudomorphous after marcasite. A few miles north of Dafddr 

streams on either side of the river bring down fragments of slate, 

schist, caic-schist, hornblende-schist and various dioritic rocks. 

On the left side of the river, the high peaks of the Sarikol range 

consist of granite, and the metamorphic rocks just mentioned are 

the result of the modifications produced by its intrusion into the 

sedimentary beds which have been altered and in places absorbed. 

The hills on the right side of the valley between Jar gal Gumbaz 

and Tashkurghan consist entirely of these metamorphosed sedi¬ 

ments with intrusive granite; they include biotite-gneiss and 

schist, hornblende-schist, crystalline limestone and calc-schist, all 

pierced by bands of coarse granite. 

From Tashkurghan I followed the route taken by Stoliczka in 

1874, going south-east via Jangalak, Keng- 

the shubar and Nezatash to Aktash on the right 

bank of the Aksu (Murghab). From Tashkur¬ 

ghan to Kengshubar one follows a narrow precipitous valley often 

only a few yards wide and closed on either side by such steep 

walls that it is often necessary to wade along the bed of the stream 

for long distances. The valley cuts through the Sarikol range, the 

rocks of which are here entirely crystalline. They consist chiefly 

of granite, pyroxenite, gabbro and diorite in the centre passing out 

into banded gneisses and schists full of granite intrusions. In the 

neighbourhood of Kengshubar the sediments become less metamor¬ 

phosed, and are represented chiefly by slate. Apparently, this part 
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of the range represents in the centre complete absorption of the 

sediments by granite and the recrystallization of the whole in the 

form of more basic varieties, such as gabbro, diorite and 

pyroxenite. Further out the absorption has been less 

complete, but the sediments have been highly metamorphosed 

and recrystallized. Still further away from the central core the 

intrusive rock almost disappears, and the effects of the metamor- 

phi m are chiefly dynamic. At Kengshubar slates again prevail, 

and pass up, in the neighbourhood of Nezatash, into dark 

slaty limestones and slates with some quartzite, overlain again 

by needle-shales which are succeeded by the massive grey Pamir 

Limestone. Disturbance is everywhere very marked, faults are 

numerous, and for considerable distances the folds are occasionally 

inverted. This appears to be the case at Nezatash. As already 

recorded by Stoliczka, a black felspathic rock is found intrusive in 

the shales about a mile and a half above Nezatash. It occurs 

Sarikol Shales and dykes and sills. A little further up, 
Pamir Limestone at the valley narrows considerably and is en- 

Nezatash. closed everywhere by high walls of the grey 

Pamir Limestone, which is greatly folded and dips at a high 

angle. Where the path leaves the main valley to follow a side 

stream which comes down from the Lakhshakh (Nezatash) pass, 

the stream is full of blocks of limestone with sections of lamelli- 

branchs. Nothing could be extracted from the rock, but the 

sections appeared to me to resemble those of hippurites. Stoliczka, 

however, has already attributed them to Alegalodon,—a view which 

is more probably the correct one. The valley at the eastern foot 

of the Lakhshakh pass is filled with black shales exactly like the 

Spiti shales but no doubt the same as those already observed in 

the neighbourhood of Acheqtash. On the left bank of the stream 

they dip under the limestone and contain fragmentary Rhynchonelr 
lidcB, Both here and higher up the valley, they are full of con¬ 

cretions, from which, however, I failed to obtain any fossils. ^ The 

same belt of shale runs westward and forms the low col crossed 

by the Lakhshakh pass leading into the Russian Pamirs, while the 

valley below the col is completely surrounded by high limestone 

cliffs. The shales on the ascent to the pass also contain many 

concretions, which here for the first time yielded fossils; the latter 

are badly preserved but resemble Trigonia; there is also a small 

lamellibranch like a Myophoria, Nothing, however, was definitely 
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determinable. On the summit of the pass there is a bed of shaly 

limestone almost entirely made up of small frag- 
Halorella band. ments of brachiopods. From these I obtained 

crushed specimens of Halorella. To the west of the pass the Shindi 

valley, which leads down to the Aksu (Murghab) at Aktash, soon 

opens out, and the hills on either side consist of dark shale capped by 

grey Pamir Limestone. Folding and faulting have been very con¬ 

siderable, but a clear section on the left side of the valley opposite 

the mouth of Kizil jilgha shows the junction between the shales 

and the limestone. The former resemble more than ever the 

Spiti Shales and here too are full of concretions in which 1 found no 

fossils. 

The small stream (Kizil jilgha) which joins the main stream 

from the pass at about 5 miles above the mouth of the latter, flows 

in from the north approximately across the 

mcnUeofTwnngh^ strike of the local rocks. Near the head of 
this valley the black shales *are underlain by 

very compact sandstone, with some shale, passing down into a 

great thickness of conglomerate, which is coarse in places but 

consists for the most part of a reddish-brown sandstone with 

pebbly layers. This is like the conglomerate seen in the hills 

opposite Acheqtash. The sedimentary rocks in this valley are full 

of dykes and sills, mostly fine-grained, but including also coarse 

pyroxenite. 

The presence of Halorella on the Lakhshakh pass shows that 

the Pamir Limestone there is at least in part Triassic, while the 

associated shales probably belong also to the 

Shdes Sarikol system. None of the underlying rocks 

in the Kizil jilgha yielded any fossils; the age 

of the main mass of the shales and underlying conglomerates is, 

therefore, unknown, but they must be presumed to include members 

of the Upper Palaeozoic group. This, indeed, is the conclusion to 

which Stoliczka had already come forty years befoie, and, so far as 

this part of the sequence is concerned, 1 have been able to add 

nothing to his observations. 

On the left side of the Shindi valley which runs from the Lakh¬ 

shakh pass down to the Aksu, Stoliczka referred to another valley 

which comes in from the south-east at a 

valley****^ KckchakI above the mouth of the Shindi. 

This valley is known as the Kekchaki or, 

alternatively, as the Kakcheld, and is about 10 or 12 miles long. 
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At its mouth it runs across the strike of the Pamir limestone and 

underlying shales, which on the left side of the Shindi valley have 

a steady j^outh-westerly dip. A few miles above its mouth the 

course of the Kekchaki valley is north-westerly and parallel to the 

strike of the limestone, the total thickness of which in the ridge 

between the Shindi and Kekchaki valleys is probably over 2,000 

feet. The valley is fairly wide and for some miles above its mouth 

is full of glacial deposits. At about six miles up, the first outcrop 

of solid rock on the right bank of the river forms a small hillock 

in the centre of the valley. It is composed of a hard grey silice¬ 

ous limestone weathering brown ; it is thin-bedded and broken 

joints into small cuboidal fragments. This limestone con¬ 

tains crushed and rather badly preserved ammonites (Perisphinctes). 
About two miles higher up the valley a small stream known as 

Karakul-ashu comes in on the left bank. At a short distance 

above its mouth this stream splits into two branches, in the more 

northerly of which there is a fine section of the ammonite beds. 

a. Sarikol Shales r. Pamii Limestone 
h. Thin-bedded limestone at base of d. Perisphinctes horizon 

l*amir Limestone 

Pig. 2. Sertion acroffs the. Kekchaki vaUcy. 

They have been considerably folded, and lie in a sharp synclinal of which 

the more southerly limb is almost vertical in places. The limestone 

stands up in great slabs, the surfaces of which are covered with 

ammonites; the latter consist chiefly of Perisphinctes most of which 

would probably have formerly been referred to the comprehensive 

form Per. polyplocus Rein. ; the work of later authors such as ChofEat, 

Siemiradski and others, has resulted in the restriction of that species 

within narrow limits and my collection comprises several species, 

but I have not been able to examine it minutely enough to say 

what they are; the material is not very well preserved and so many 
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sub-genera and species have been created by Continental palseon- 

tologists under this genus that the points of difference are so minute 

as to make complete determination possible only in the case of 

specimens that are perfectly preserved not only as regards shape and 

surface oniamentation of both inner and outer whorls but also in 

respect of the suture line, more particularly in the umbilical 

region. A cursory examination of my material suggests the presence 

of forms allied to P. frequens 0pp. and also to P. Lothari 0pp., 

though I doubt if either species is actually present. Other specimens 

from the same bed appear to belong to the genera Ofjpelia and Reineckia ; 
the latter determination is uncertain since the ventral area is not 

visible on either of my specimens; one of them, however, exactly 

resembles Steinmann’s figure of his R. Brancoi. ^ 1 regard the 

general facies of the fauna as Callovian. 

At the head of the Kekchaki valley the Perisphinctes limestone 

is overlain by massive limestone followed by 

chakfva11*ey thin-bedded limestone and oolite. The latter 
beds are often composed to a great extent of 

spines and other fragments of cchinoids, and contain also brachio- 

pods, oysters and calcareous algae; all, however, are very badly 

preserved, and I found nothing definitely determinable. The beds 

are probably the same as those noticed at the top of the Pamir 

Limestone in the hills opposite Ujadbai in the Taghdumbash Pamir, 

and which I have referred to the Cretaceous system. 

On the whole, the sections in the Shindi, Kekchaki and 

Khanjuli valleys seem to be the most promising in that part of 

the Russian Pamirs, and a detailed examination of them would no 

doubt result in the discovery of other fossiliferous horizons, though 

it must be admitted that, on the whole, the sedimentary rocks of 

the Russian Pamirs are disappointing in this respect. 

As one stands on the top of the Lakhshakh pass and looks west¬ 

ward, one is surprised to see none of the broad oj^en valleys that 

one has pictured as being characteristic of the Pamirs. Instead 

of these nothing is to be seen but a broken mass of rugged moun¬ 

tains terminating in the far distance in snow- 

”®®’‘®’' mountains which 
are immediately across the valley of the Aksu, 

separate that valley from the Great and Alichur Pamirs. They 

consist of great masses of the limestone that I have called 

* Neues Jahrbuch, Beilageband I, 286 (1881). 
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the Pamir Limestone, which runs approximately north-westwards 

through Istik and across the eastern end of the Alichur Pamir 

into the Bazar-dara range, beyond which I was unable to 

follow it; but it presumably runs thence westward along the 

Murghab valley. I found it again with the underlying slate series 

on the south of the Rang-kul Pamir, whence it rims almost due west 

into the Muskol mountains on the south of the Ak Baital valley. 

Stoliczka, who, on his return journey from Kala Panja and the 

Great Pamir, travelled down the Istik valley, regarded part of this 

limestone mass as ('Jarboniferous, and it is possible that I have in 

places included in the Pamir Limestone a lower limestone which 

imderlies part at least of the shale series. The absence of fossils, 

and the intense folding to which all the rocks in the Pamirs have 

been subjected, make it impossible to correlate with any confidence 

limestone masses which appear to be lithologically identical. At 

the same time I found near the mouth of the Kekchaki valley a 

small well-rounded fragment of Fusulina limestone probably derived 

from an old moraine. This fragment may have, and probably had, 

travelled some distance, for the same moraines are full of blocks 

of granite, a rock not found in situ in the Kekchaki valley, the 

boulders having evidently been brought to their present positions 

when glaciers extended across the hills which now form the divides 

between the drainage of the Murghab and the Karachukar rivers. 

To the south of the main limestone belt the underlying Wakhan 

slates extend throughout the Great and Little Pamirs and, as 

already mentioned, into the Karachukar valley of the Taghdurn- 

bash Pamir; along the Nicholas (Wakhan) range, which separates 

the Great Pamir from Wakhan, they are full of intrusive granite, 

but the series on the whole is one of slate rather than of more 

metamorphosed rock. There is, however, no sign of the black 

needle-shales characteristic of what I believe to be the same series 

on the opposite side of the belt of Pamir Limestone. At first, 

indeed, 1 did not correlate this great slate series of the Southern 

Pamirs with the Sarikol Shales. I had seen them originally as 

1 looked across the Ab-i-Panja from the Baroghil and Shawitakh 

, passes, whence all the mountains to the north 
The Wakhan Slates. r ^ ^ 

of the river appear to consist of the same 

black slates. I met them again to the north of the Mintaka pass, 

and finally confirmed my observations by examining the Nicholas 

range in detail from the Urtabel pass to Concord peak. As in the 
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Karachukar valley, so also in the Great Pamir and the Nicholas 

range, the series is one of slate and quartzite full of igneous rocks, 

which sometimes appear to be interbedded and sometimes to be 

intrusive in the slates. I have not found the igneous rocks in the 

Pamir Limestone except quite at its base and I am, therefore, disposed 

to regard them as not much younger than the slate series. Associated 

with the slati^ there is, in addition to quartzite, a certain amount of 

limestone, sometimes dark and flaggy and resembling that interbed¬ 

ded with the slate ani shale below the Pamir Limestone at 

Nezatash in Chinese Turkestan. This may correspond to the 

crystalline limestone seen in the upper Karachukar valley in the 

Taghdumbash Pamir. In the latter area, however, it is more 

highly metamorphosed. What is probably the same limestone 

equally metamorphosed is found again in the various valleys on the 

northern slopes of the Nicholas range. It is conspicuous at the 

mouth of the Urtabel valley at Salangur. It is found again 

at the mouth of the Sarikoram valley to the south-south-east of 

Karadung lake, where altered flaggy limestones, associated with 

black and dark-grey calcareous slates and calc-schists, are seen 

dipping to the south. Similar beds are found in the hills between 

the Sarikoram and Chilab valleys. In the latter valley blocks of 

a crushed limestone-conglomerate, and an equally crushed red 

pebbly sandstone were observed in both its main branches. The 

rock was not seen in situ, but it presumably occurs in the ridge 

between the main valley and its western branch. At the head 

of the latter branch, dark-grey slaty limestone was found in situ 
associated with dark schistose slates. 

The general characters of the Wakhan Slates suggest that they 

are merely the metamorphosed representatives 

reSarikol Shales, which, like the slates, 

Sarikol Shales. underlie the Pamir limestone. 1 have already 
described the shales as they occur in Chitral 

and in the Shindi valley. A dark flaggy Limestone, which occurs 

in them at Nezatash a few miles above Kengshubar, is probably 

the same as the limestone associated with the slates in the 

Nicholas range. A limestone, which may also be the same, was 

found associated with the Sarikol Shales at the mouth of the 

Pislang valley opposite Dafdar in the Taghdumbash Pamir. When 

I visited that valley, however, I was inclined to regard it—^I now 

think incorrectly—^as an infolded outlier of the Pamir Limestone. 
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Evidence that the Wakhan Slates are the altered representatives of 

the Sarikol Shales is found on the northern slopes of the Pamir 

range. That range, which separates the Great Pamir from the 

Alichur Pamir, consists for the greater part of granite, which has 

been intruded into, and has in many places absorbed, the slate 

series. Throughout almost its whole extent, the range is com¬ 

posed of muscovite-biotite granite and veins of pegmatite often 

containing crystals of muscovite as much as 4 or 5 inches across. 

The remains of the sedimentary series are to be seen in the form 

of gneiss and occasional bands of hornblendic schists, but in the 

centre of the range these are comparatively rare. They are more 

conspicuous, however, on its northern flanks. On the east and 

north-east of this massif the granite passes outwards through schists 

and slates, which again speedily give place in the Gurumdi and 

associated valleys—^such as Urta-uch-kol, Kul-uch-kol, and Keng- 

shubar-uch-kol—to the typical Sarikol Shales underlying the Pamir 

Limestone, From this area the Sarikol Shales ought to pass into 

the Wakhan Slate series horizontally in the neighbourhood of the 

Kujigit pass. I was unable to confirm this by visiting that parti¬ 

cular point, but I do not think there is any doubt about the con¬ 

tinuation of the one set of beds into the other. On my rough 

sketch map, therefore, I have included both series in the same 

division. 
As one looks northward from Aktash, the country on either 

side of the Murghab river appears to be com- 

Pamlr Limestone bet- posed chiefly of the Sarikol Shales and asso- 

ghaW fpogt''pamir*wr ciated igneous beds. I did not visit that 
part of the Pamirs, and only had a distant 

view of it from Aktash and again to some extent from the 

hills to the south of Murghabi (Post Pamirski), which also over¬ 

look the Aksu valley towards the east. All the great mass of 

irregular hills between Aktash and the Sarez Pamir consists of 

tiie Pamir Limestone, with the Sarikol Shales exposed in the 

intervening valleys. 

Fossils similar to those of the Perisphinctes horizon of the 

Kekchaki valley, but fragmentary and badly 
Perisphinctes beds on 

Ayululi pass and at 
Karasu. 

preserved, were found about three miles west 

of the Ayujuli Kotal (pass), on the way from 

Aktash to Salangur, and again at Karasu on 

the main road from the Alichur Pamir to Post Pamirski. At 
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the latter locality the fossils occur in dark thin-bedded limestones 

on the ridge on the right bank of the river just below Karasu post. 

At both these places the fossils observed were impressions and frag¬ 

mentary remains of the Perisphinctes so characteristic of the Kek- 

chaki beds. 

In the Gurumdi and associated valleys, to which I have referred 

above, there are good exf)osuies of the Pamir Limestone and under¬ 

lying shales. On the right side of the main valley opposite 

Keng-shubar-uch-kol, the section consists of shale and sandstone— 

the typical Sarikol Shales—passing up through 
BelemnUe beds of ‘ ^ \ a j. ^ i i 

Kensshubar-uch-kol. conglomerate into hard compact massive dark 
limestone full of calcite veins. Some of the 

bands of this limestone weather red. Above the massive limestone, 

which is about 500 feet thick, are well-bedded limestones, dark- 

grey, very hard and m places oolitic; they cccur in beds of one 

foot or so ill thickness. Above these is calcareous shale, very 

crushed and often slaty. Higher beds were not observed on this 
section, the iip})ermost beds of calcareous shale being faulted 

down against the lower shale and sandstone series. The beds are 

considerably disturbed, and intrusions of mica-lamprophyre (minette) 

are not uncommon. The only part of the section in which 1 found 

fossils was the uppei'inost band of calcareous shale which contains 

very crushed and badly preserved belenmites; these are rare and 

fragmentary and are composed of white crystalline calcite. Un- 

forttmately 1 did not find the Perisphinctes horizon in this section, 

and I was unable to ascertain to what .part of the Kekchaki section 

the belemnite bed ought to be referred, but as I found a fragment 

of a belemnite in some shaly beds in the upper part of the Peiis- 

phinctes beds in the latter valley, I am disposed to refer the Bclem- 

uite shales to that horizon. 

between Pamir range 
and Murghabl. 

From Gurumdi I went due north across the Yangi-dawan to 

Mamazair-bulak and Nezatash which is on 

main road through the Pamirs from Post 

Pamirski to the Alichur Pamir. This took 

me directly across the strike of the beds, 

which is here E-W. The rocks consist almost entirely of 

Pamir Limestone along the ridges, and slates and shales in th c 
valleys. There is the usual dearth of fossils throughout. From 

Nezatash, which is not to be confused with the place of the same 

name in Chinese Turkestan, the main road runs through a gorge 
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bounded on either side by immense cliffs of folded and contorted 

beds of the Pamir Limestone. As the road issues from the gorge, 

the valley widens and is filled with bright-red horizontal beds of 

false-bedded gravels. At Karasu post, as already stated, the 

upper part of the Pamir Limestone is exposed in the hills on the 

right side of the valley, where limestones, associated with shales, 

yielded impressions of Peris'phinctes, From a distance there appears 

to be a good section of the whole sequence from the Sarikol Shales 

up through the Pamir Limestone in the high and conspicuous 

iiill about five miles to the east ot Karasu. At the northern 

end of the hill the beds appear to be horizontal, but bend over 

with a steep dip on the south. 

From Karasu to Murghabi the Pamir Limestone and the under- 

.. ^ , lying shale series continue all the way. As 

Murghabi. the Murghab river is approached, metamor¬ 

phism becomes pronounced, the limestones be¬ 

come calc-schists, the shales slates, and the series rapidly assumes 

a thoroughly metamorphic aspect. 

To the north of Post Pamirski my observations are even more 

incomplete than on the south, since from that point 1 was travel¬ 

ling more rapidly,—on an average about 30 miles a day. On the 

main road from Murghabi to Ak Baital post, rock is first met with 

Rocks of the Ak Baital valley at about 4 miles from 
Baital valley. tbe Murghab river. It consists of conglomer¬ 

ate and sandstone associated with a zeolitic 

trap, and forms part of a thick series which continues for about 

two miles up the Ak Baital valley. It is much contorted, and is 

associated with a series of slate and quartzite and with gneiss and 

crystalline limestone, the last-named rock being exposed at the 

point where the road from Rang-kul enters the Ak Baital valley. 

The slate and quartzite series contains intrusions of basic igneous 

rock, and is possibly the altered representative of the Sarikol Shales. 

1 did not recognise the thick conglomerate series, but it may repre¬ 

sent the beds associated in Kizil jilgha with the Sarikol Shales; 

the series seems to have been considerably metamorphosed in 

places, for blocks of schistose and gneissose conglomerate are brought 

down by the subsidiary streams flowing into the Ak Baital valley. 

In the main valley, however, the conglomerate is not altered, and 

is associated with soft false-bedded sandstones and pebbly beds. 

It is possible, therefore, that there are two conglomerate series 
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in this area—an older and a younger. Where first observed in 
situ, the conglomerate is found in association with a zeolitic trap, 

similar to that intrusive in the slates above Nezatash in Chinese 

Turkestan. 

The rocks of the Ak Baital valley above the post of the same 

name consist, first of all, of a slate series and subsequently of lime¬ 

stones. About 10 versts above Ak Baital post a hill on the right 

side of the road (left side of the valley) is composed of a dark-green 

igneous rock below with limestone above, and these probably 

^ . . . ,, represent the Pamir Limestone and underlying slate 
Devonian below Ak ^ ^ _ . ., i . 

Baital pass. senes. At verst 14 a ridge running down into 

tlie valley is composed of grey brecciated lime¬ 

stone, and the hills on the right (south) side of the valley are com¬ 

posed of a limestone which appears to be the Pamir Limestone. 

At verst 19 the road to the Ak Baital pass leaves the river-bed for 

a short distance, and at this point there is on the left bank of the 

river a small projecting headland of dark-grey limestone, which 

is compact end hard, and contains veins of calche. It dips at high 

angles (50° to 60"^) to BSE, its strike bring ENE-WSW. The 

limestone is immediately underlain by carbonaceous shale with 

thin courses of limestone and occasional bands of sandstone. Both 

limestone and sandstone courses are full of brachiopods over a thick¬ 

ness of between fiO and 70 feet: the fossils include Sfirifer Verneuili 
Murch., Productella suhaculeata Murch., Stropkalosia productoides 
Murch. and many Rhynchonellidce and corals; they are evidently 

of Upper Devonian age. These fossiliferous beds are underlain 

by coarsely pisolitic limestones containing small Rhynchonellidw 
and associated with hard compact limestones containing silicified 
corals. 

The Upper Devonian limestone seems to pass up into a mass 

of broken limestone, shale, sandstone, and finally into a conglo¬ 

merate, all of which weather in brilliant colours, including red, 

yellow, grey and black. Associated with these 
Country between Ak beds are dark igneous rocks (diabase) and 

Baital pass and Great , m xi. r xi. 
Karakul. much gypsum. To the south or the pass 

the high hills appear to be composed of Pamir 

Limestone underlain by the conglomerate already referred to. The 

latter rock is seen in the stream on the way down from the pass 

at about verst 29, and the descent into the Muskol valley is strewn 

with blocks of conglomerate. The prevailing rocks on either side 

F 2 
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of the Muskol valley down to the post of the same name are slates, 

often carbonaceous. I had hoped to determine the relative posi¬ 

tion of this series with regard to the Devonian limestones of Ak 

Baital, but a snowstorm rendered geological work impossible for 

nearly a week, and my observations in this part of the country 

were confined to such isolated masses of rock as happened to be 

too steep for snow to lie on. From Muskol post I made a rapid 

traverse as far as Great Karakul and back. Such rocks as I could 

see on the road were slate and limestone, more or less metamor¬ 

phosed and often replaced by schist and calc-schist. The high 

ridge which runs out into the lake from the southern shore, con¬ 

sists of granite at its northern end. 

From Muskol I travelled east over the Kizil-jiyik pass vid 
Chal Mirza Eabat to Rang-kul. The country was unfortunately 

From Muskol to nnder snow, and rocks were rarely visible. 
Rangkul. Here and there 1 found schists, slates, metamor¬ 

phosed limestones, and a crushed conglome¬ 

rate. Near the western foot of the Kizil-jiyik pass, beds of con¬ 

glomerate and sandstone are found dipping to NE. They 

dip at quite low angles, and are not much crushed or disturbed. 

The conglomerate series weathers to a brilliant red and extends 

across the pass and down to Chal Mirza Rabat, where it forms the 

cliffs on the left bank of the stream ; it contains pebbles of oolitic 

and coral limestone, which are almost certainly derived from the 

upper beds of the Pamir Limestone. At Chal Mirza Rabat it is 

faulted agaijist a series of thin flaggy crystalline limestone and black 

carbonaceous shale, the shale being similar in appearance to the 

Devonian shale of Ak Baital but quite unfossiliferous here. The 

conglomerate series is perhaps Tertiary. It is not unlike the Ak 

Baital conglomerate, the apparent relationship of which to the 

Devonian and to the supposed Pamir Limestone of that locality 

may have been wrongly inferred by me since I crossed the pass 

in the dusk and during a snowstorm, and my observations were 

therefore hurried, and imperfect. It is possible that the Ak Baital 

pass lies on a line of important faulting {infra p. 317). 

From Chal Mirza Rabat eastwards the road to Rang-kul crosses 

an open gravel-strewn valley, and no rock is found in situ until 

one reaches the hill at the foot of the Ishi pass, which consists 

oi hard, dark, brown-weathering crystalline limestone overlying 

grey and black carbonaceous shale. Further to the east reddish- 
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brown limestones in thin flaggy bands and very thin pebbly beds 

are interbedded with black carbonaceous shale. These beds con¬ 

tinue to the east across the Tusdiin Beles (pass), and are well ex* 

posed along the left side of the small valley leading eastwards 

down to the Eang-kul plain. About three miles below the pass 

a bed of rock-salt is seen under some sub-recent river sands and 

gravels. This has already been referred to by D. L. Ivanow in 

his account of his exploration of the Pamirs. As mentioned 

by him, the deposit is small and apparently of no economic 

importance; it seems to be exploited to a small extent, but only 

in quite a superficial manner. The age of the carbonaceous slate 

series could no doubt be determined by careful examination of the 

country between the Ak Baital and Kizil-jiyik passes, for the 

Upper Devonian supplies a known horizon from which to work. 

In general appearance the carbonaceous beds resemble the Angara 

series, but this lithological resemblance has already been found 

to be so misleading in the Pamirs that I attach no importance to 

it. The carbonaceous shales seen between the Kizil-jiyik and 

Uang-kul are equally like the shales associated with the Devonian 

of Ak Baital. 

On the soutlieiii side of the Rang-kul plain massive grey lime¬ 

stone forms a high and conspicuous ridge running approximately 

E-W. At the edge of the plain the grey 

« kijnestone and and black carbonaceous shale series, which 
Sarikol Shales at Rang- . , i i i 
kul. IS here altered into slate and sometimes into 

phyllite, contains thin bands of reddish-brown 

limestone, and ‘dips to the south, apparently under the massive 

limestone. The shale series is so altered as rarely to contain any 

fossils. A few fragmehtary specimens were found, but were not 

determinable. The junction of this shale series with the massive 

limestone was not seen, being everywhere covered by scree, but 

it appears to be a fault, since everywhere in the neighbourhood 

of the junction the surface is covered with blocks of limestone 

breccia, similar to that seen at verst 14 in the Ak Baital valley. 

Hence it is possible that an important fault runs along the southern 

side of the Rang-kul Pamir and up the Ak Baital valley. The 

massive limestone, however, which forms high cliffs, appears to be 

identical with the typical Pamir Limestone, and the underlying 

carbonaceous series may be a local development of the Sarikol 

Shales. 
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To the north-east of Rang-kul the hills separatiag the Russian 

Pamirs from the Muji valley of Chinese Turkestan consist of the 

carbonaceous slate series on the south-west, passing up into shaly 

From Ran kul ■ " schistose limestones followed by calc- 
Hara^t to Mujf. schists, which extend almost up to the Hara- 

mut pass. On the pass itself the rock is 

a hard dark-grey limestone, which gives place on the north of 

the pass to granite. The latter rock predominates throughout the 

Haramut valley, and extends on to the junction of the Karazak 

and Muji valleys, where the prevailing rock is slate full of 

granite intrusions. 

The Muji valley itself is a typical Pamir. It is bounded on the 

north and north-east by the Kashgar range, which consists of a 

. striking scries of sharp peaks, all of very 
The Mu i valley a , ^^ A • ^ ‘ 

Pamir. much the same height with mtervenmg hang¬ 

ing glaciers. In its westerly portions the Kash¬ 

gar range appears to be jnerely a continuation of the Trans-Alai 

mountains; it consists of metamorphic rocks including carbonace¬ 

ous slate, crystalline limestone and hornblendic schist. The strike 

of these rocks is approximaiely E-W, and along the northern 

side of the Muji valley the range is a true tectonic feature. At 

the peak marked on Curzon's map Bulun-sunin-tau at the head 

of the King-su valley, most maps show the range as turning to south 

or south-east. To the south of this point the range is no longer 

a tectonic one, but consists merely of a mountain mass in which 

the strike of the rocks still continues to be a})proximately E~ 

W. The origin of this part of the range—if range it can be called 

—seems to be due to the presence of the great granite massifs to 

the south, the intrusion of which has resulted in greater elevation 

of the neighbouring areas and at the same time in the indui’ation 

of their component rocks. The Muji river, from its source to the 

King-su valley, originally carved out its couise along an anticline, 

still visible in the latter valley which lies on its axis. The course 

of the Muji river now lies to the south of the anticlinal crest, its 

displacement being due probably to the immense fans and moraines 

carried into the valley from the southern slopes of the Kashgar 

range. These have pushed the river southwards and have forced 

it to cut into the southerly-dipping slates of the Gurumdi hill-mass. 

From Muji i travelled eastward across the Ulug-art (pass). 

The rocks of the Ulug-art valley consist of slate, sandstone, grit, 
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The Kash ar ran e limestone, all very much 
and Ulug-artf**^ crushed a!id schistose and usually metamor¬ 

phosed. The. strike is still easterly and the 

dip to the north, both in the Ulug-art and in the neighbouring 

Tuyuk-tar valleys. In the higher peaks granite occurs in some 

quantity. The pass itself (Ulug-art) lies on slate and quartzite, 

while the hills surrounding it consist partly of white crystalline 

limestone like that of the Kashgar range to the north of Muji. To 

tile east of the pass the strike of the rocks is still easterly, and 

continues thus all the way down to the Kashgar plain. The 

existing maps of the mountains between Muji and Kashgar are 

incomplete, nor, so far as they go, are they accurate. They show a 

continuous range with a clearly-defined narrow culminating ridge, which 

does not in reality exist. Actually there is a broad mountain-mass 

of ajiproximately the. same height over a width from east to west 

of 10 or IT) miles and into this the streams have cut back their 

courses, largely following the strike of the component rocks. This 

part of the so-called Kashgar range, in fact, appears to be a broad 

mass of highly folded and metamorphosed sediments compressed against 

the great granite massif to tin' south. 

To the east of the Ulug-art (pass) there is a steep descent to 

Saraktash. whence the valley first crosses the strike of the rocks 

for about four miles, and then follows it almost continuously all 

Ulug art to Kash Jolchi-mainak. The rocks seen 
gar. are all metamorj)hic, consisting of schists, slate 

and quartzites. At Jolchi-mainak a dark-grey 

more or less crystalline limestone forms high cliffs on the left side 

of the valley. Similar rocks continue all the way to the gravel 

fans which slope down from the mountains to the Kashgar plain. 

The last outcrop of rock seen between Jolchi-mainak and Juluk-bash 

is a small inlier of dark-grey limestone similar to that of Jolchi- 

mainak. It occurs on the left bank and in the bed of the valley 

about 3 miles from the j)oint at which the river leaves the moun¬ 

tains. It is practically horizontal, with perhaps a slight dip towards 

the hills. 

4. Kashgar and the Alai. 

Between Kashgar and Russian Turkestan my route lay over 

country that has already been traversed by other geologists, and 

I did not attempt, therefore, to make any detailed observations. 

Up to the Russian frontier at Irkeshtam, the road lies almost 
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entirely on the Ferghana series, which is often full of excellent 

fossils, especially from Kushuga onwards. I also noticed coal¬ 

bearing beds, which, no doubt, were the true Angara series. Beyond 

„ .. . Irkeshtani the road to Osh via the Terek- 
Fusulina limestone in . ^ i i.i* 

Koksu. dawan passes on to older rocks resembling 

those of the Pamirs, and I met with Fusulina 

limestone at about one mile beyond the Koksu ford. 

During my stay in Kashgar, Sir George Macartney kindly made 

„ over to me a collection of fossils which had 
Ferghana series in - , . . • j 

Chinese Turkestan. some time been lying in the Kesidency. 
These consisted of Ostrea turkestanensis Rom. 

said to have been brought from Tashrnalik (Tashbulak) near the eastern 

end of the Gez defile and about 40 miles south-west of Kashgar. 

So far as I can ascertain, this locality was not visited by Stoliczka, 

but the oysters no doubt came from his Artysh beds, which lepre- 

sent the Ferghana series of Russian Turkestan. Coal is also to 

be found in the neighbourhood of Tashmalik, the occurrence being 

indicated on von Schultz' map of the Pamirs. This seems to point 

to the presence of the Angara series. 

5. Summary of Stratigraphical and Tectonic Results. 

From the above notes, uncertain and imperfect as they are, 

it will be seen that the general distribution of the stratigraphical 

gioups between India and Russian Turkestan consists of, first of 

all, a belt of igneous and metamorphic rocks running through 

the outer mountains of Dir and Swat and 

tones. continumg to the east across the Indus 

and perhaps into Hazara. To the west the 

igneous and metamorphic rocks of the Kabul river below Jalala¬ 

bad probably belong to the same group. Between Dir and Chitral 

gianite prevails, but to the north of the Laorai pass, which crosses 

the granite belt, a group of sediments, including beds at least as 

old as Devonian on the one hand and as young as Cretaceous on the 

other, extends throughout Chitral and into Yasin and Hunza. To 

the north of this again we meet with a great belt of slates extend¬ 

ing from the Wakhau (Nicholas) range into the Taghdumbash 

Pamir of Chinese Turkestan, and followed still further to the north 

by a calcareous group, which is the most prominent feature of the 

Russian Pamirs and which I have named, for the sake of conveni¬ 

ence, the Pamir Limestone. To the north of this, again, is a belt 
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of carbonaceous slates, probably in part representatives of the 

Wakhan slates but associated with shales and limestones contain¬ 

ing Upper Devonian fossils. Beyond this, again, in the valley 

of the Kizil-su ‘here is a typical development of the Ferghana 

series. 

Each of these stratigraphical groups constitutes a belt which can be 

Hindu Kush and ^ very considerable distance and 
Pamir ranges true tec- which follows in the main the trend of the more 
tonic features. important mountain ranges. Thus the general 

strike of the rocks in western Chitral is SW-NE, following the 

trend of the Hindu Kush. In Upper Chitral this direction gradually 

bends round to W-E. Similarly, throughout the Pamirs, as already 

noticed by Ivanow, the strike is almost consistently approximately 

E-W. On either side of the Pamirs, the strike bends away 

towards the south, being NE-SW on the west and NW-SE on 

the east. In fact, the strike of the rocks, as well as the trend 

of the mountain ranges, follows in the main the outline of the great 

re-entrant bay of the Himalayan mountain foot between the 

longitudes of 70"^ and 77"^. As might be expected, this feature is 

reflected in the hinterland of the Himalayan system represented 

by the Hindu Kush, the Karakoram and other mountain ranges of 

Kashmir. The main ranges are therefore true tectonic features. 

It is possible iu>w to make some attempt to indicate the rela¬ 

tionship between the fossiliferous basins of the North-Western 

Himalaya and those of the Hindu Kush and 
Relationship of Afghanistan. Although our knowledge of the 

Afghanistan to the X. • a j: -i. j • 
Himalaya. Palaeozoic group both in Afghanistan and in 

Chitral is very imperfect, yet the resemblance 

between its component elements in those two areas respectively is 

such that there can be no reasonable doubt that the Palaeozoic group of 

Chitral is merely the continuation of that of the mountains on either 

side of Bamian. One would, in fact, expect the fossiliferous Palaeozoic 

beds to be continuous from one area mto the other through Kafiri- 

stan. Through Chitral this belt runs first north-east then practi¬ 

cally due east into Hunza, after which it probably bends round 

into the great mountain masses of Baltistan, passing perhaps on¬ 

wards into the neighbourhood of Leh and Chang-chenmo, and 

thus remaining outside the main Himalayan basin as represented 

by Spiti, Garhwal and Kumaun. The latter basin finds its con¬ 

tinuation, as we know, in the mountains round Srinagar, whence 



322 Records of the Geologioat Survey of India* [Vol. XLV. 

it probably passes westward, and is either obliterated by metamor' 

phism and igneous action or is hidden under the younger Tertiary 

deposits of the North-West Frontier Province and the Punjab. 

Beyond the Chitral fossiliferous belt is that of the Wakhan Slates 

and Pamir Limestone. These follow the same trend as the inner 

belt. The Pamir Limestone is found in the south-eastern corner 

of the Pamirs; striking to the south-east, it forms the southern 

part of what is usually called the Sarikol range and runs across 

the right-angled bend in the Karachukar river. It ought, there¬ 

fore, to run through Raskam pass towards the Karakoram range and 

Lingzi-tang. Owing to the great breadth of the zone of Pamir 

Limestone and Wakhan Slates in the Pamirs, one would expect 

it to extend beyond Raskam, and it is probable that the same 

zone will be found also in the Kuenluii. 

It has hitherto been customary for both geographers and geolo- 

..... . gists to regard the Pamirs as bounded on the 

Kashgar ranges. ®^st by two meridional ranges known as the 

Sarikol and the Kashgar ranges and separated 

from one another by the Tagharma valley and its southerly con¬ 

tinuation, the Taghdumbash Pamir. It has been assumed that 

these two ranges are true tectonic features and indicate a local 

and hitherto unexplained irregularity in the distribution of the 

structural trend-lines of Asia. So firmly has this impression been 

established that Suess has even gone so far as to say that Stoliezka 

was mistaken in thinking that the Trias limestone of Aktash in 

the Pamir is continued towards the south-east into the fossiliferous 

limestones of the Karakorum district ” ; and he goes on to add: 

“ AVe perceive, on the contrary, that the masses of gneiss which 

Stoliezka crossed between Balgun, Tashkurgan, 

border*^*raii e^^and^ not Kanshubar (east of Aktash) are not only 
” continued towards the north into the Mustag- 

Ata, but in all likelihood also to the south, 

through the range of Taghdumbash to the high mountains of 

the Mustag.’'^ Thus Suess indicates a great meridional belt of 

gneiss stretching from Mustagh-Ata down to the Hindu Kush 

between Hunza and Oprang. This is yet another instance of 

the danger of assuming Stoliezka to have been mistaken. 

I have followed the latter’s work now in almost all the parts of 

Asia that he visited, and although, owing to circumstances beyond 

1 The Face of the Earth, VoL III, 273. 
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his control, it might have been at times incomplete, I have rarely 
if ever, met with an instance in which it was possible to say that 
it was wrong. In the present case he was right in assuming that 
the Pamir Limestone of Aktash was continued to the south-east; 
T found it in the Taghdunibash Pamir some fifty miles to the south¬ 
east of Aktash, and saw it running far into the distance in the 
same direction. How far it goes 1 am not in a position to say ; 
it may no doubt be cut out here and there in the mountains of 
Raskam; it might be expected to lie to the north-east of the 
Karakoram range but ihe results of the explorations of Dr. Filippi’s 
most recent expedition will probably throw much valuable light on 
the relationshij) between the Pamir geosynclinal basin and the sedi¬ 
mentary belt alr(?ady recorded in the neighbourhood of 

Viewed from the Taghdunibash Pamir the Sarikol Range, which 
foi*ms the eastern boundary of the Russian Pamirs, undoubtedly appears 
to be a true orographical feature ; it is not, however, in any sense 
a tectonic element but is what Prince Kropotkin lias called a border 
lange.'^ In its southern part the strike is everywhere across the 
range, meeting it at angles of from 45^ to 90"'. Jn the continua¬ 
tion of the range to the north, between the Rang-kul Pamir and 
Little Karakul, the strike again appears to be approximately at right 
angles to the range; I was unable to confirm this observation 
at close quarters; but where 1 crossed the range to the north¬ 
east of the Rang-kid Pamir, it is still easterly. 1 have already 
pointed out that in the mountains still further to the north but 
along the same meridian (Tr)""), the strike is still approxunately 
E-W; hence the true structural lines of this part of Asia 
are not such as have been represented by Suess^ and Eiittei’er.'* 
The regularity of the trend-lines may perhaps not persist into the 
neighbourhood of, and to the south-east of, Mustagh-ata ; Stolicz- 
ka’s observations between Yangi Hissar and Tashkurghan, however, 
indicate a general NW—SE strike, and it seems probable that, 
except for partial and purely local irregularities due to ttic 
great intrusive granite masses of Kungur and Mustagh-ata, 
the general trend of the tectonic lines will be found to follow 
the curve indicated by the northern boundary of the Indo-Gangetic 
alluvium. The so-called Sarikol range, which is generally shown 

^ F. de Filippi : Karakoram, ami Weslern Himulaf/a, ApptsiK'ix C (1912). 
Orogra}thiral Joarmil, XXlll (1904), 184. 

® The Fare of the Earth (EnjjiliHh 'rranslalion), Vol. Ill, rna]). 
* Pdcrmawis MitiheHnnyen: Krgjinnzungsheft, No. 119 (1890) map. 
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as running almost N—S in the neighbourhood of longitude 

75'' and between latitudes 39® and 37®, might be regarded as the 

eroded scarp of the Pamir plateau, owing its greater elevation to 

the presence of intruded masses of granite of which the most 

striking relics are now the massifs of Mustagh-ata and Kungur which 

lie on the line of the supposed southerly continuation of the Kashgar 
range. 

The latter range is shown on some maps as a single meridional 

element enclosing the Taghdumbash Pamir on the east and extend¬ 

ing through the peaks of Mustagh-ata and Kungur; on others it 

is carried still further to the north and shown as continuous with 

^ the jagged snow-capped range which runs from 

only partly tectonic. west to east along the northern side oi the 
Muji valley. It is thus shown as having 

anomalous right-angled bend at the peak named Bulun-sunin-tau 

on Curzon’s map. 1 have already pointed out (page 318) that the 

range running from west to east along the northern side of the Muji 

valley is a true tectonic element, and corresponds in trend with 

the strike of its component rocks, and that the mountain 

mass which extends southwards from its eastern end to the Gez 

defile consists of a highly folded series of rocks altered by the 

granite of the Chak-kara-kul massif. The axes of the folds, however, 

are equatorial and not meridional. This mountain mass perhapt 

owes its existence to elevation and induration produced by the 

granite. Its westerly continuation is to be found in Mount Gurumdi 

and the mountainous region between the Karazak and Haramut valleys, 

from which it is separated by the Muji valley, the latter being first 

approximately parallel to, but subsequently cutting across, the 

strike. On the east the mountains rise abruptly from the Tarim 

basin, of which they form the western edge and which is usually 

regarded as an area of subsidence. Although, therefore, it may be 

convenient from the purely topographical point of view to regard 

Ulug*-art, Kung\ir, Mustagh-ata and the hills on the east of the 

Taghdumbash Pamir as forming a continuous and approximately 

meridional mountain range, it is not permissible to infer therefrom 

that the feature thus constructed is a true tectonic element indicat¬ 

ing the direction of the trend-lines of the folding of this part of 

Asia. Stoliezka's observations from Yangi Hissar to Tashkurghan 

reveal a marked regularity in the direction of strike, the dips recorded 

by him throughout being either to north-east or south-west with 
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few exceptions; such exceptions occur in the neighbourhood 

of the intrusive roc^cs to the south-east of Mustagh-ata, where he 

found the direction of dip to be NNE. When he met with the 

more highly metamorphosed rocks and the granite between 

Mustagh-ata and Tashkurghan, the rocks were apparently too 

massive to show any clear strike of the foliation planes. That 

irregularities of strike will be found on the flanks of the great granite 

massifs in the west of Chinese Turkestan is only to be anticipated, 

and one might expect that the sediments into which these massifs have 

been intruded will show in their neighbourhood a disturbance of 

strike such as is found on a small scale round large crystals of 

felspar or other porphyritic minerals in a foliated gneiss. But 

from such observations as I have been able to make—only from 

some distance, I must admit, from the two great massifs,—it seems 

to me probable that the prevailing strike between the Pamirs and 

Kungur and Mustagh-ata will be found to be at first approximately 

W-E, and subsequently, on the flanks of the latter mountains, 

either south-easterly or perhaps even north-easterly. At present 

there is no evidence in favour of the anomalous trend-lines assumed 

by Suess and Fiitterer to prevail in that region. 

EXPLANATION OF PLATES. 

PLATE 27. 

Fig, 1.—Devonian in hills opposite Beshun, Chitral. 
Fio. 2.— Devonian on Koragh spur, Chitral. 

I 
PLATE 28. 

Fio. 1.—Folded conglomerate in valley behind Reshun. 
Fig. 2.—Dasht-i-Baroghil and Sakez. Jarab range from the Baxoghil 

pasB. 

PLATE 29. 

Fig. 1.—Slates and andesites in Karachukar valley, Taghdumbash 
Pamir. 

Fig. 2.—^The Russian Pamirs as seen from the top of the Lakhshakh 
pass. 

PLATE 30. ’I 

Fig. 1.—Jurassic (Perisphinctes) beds at the head of the Kekohaki 
valley. 

Fig, 2.—Kashgar range from near Muji. 
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PLATE 31. 

Fio. 1.—Quartz-andesite with altered hornblende: from near mouth 

of Karakokti valley, Ta^hdumbash Pamir. 
Pig. 2.—^Dacite: from Beshun conglomerate at Awi, Chitral. 
Fio. 3.—Andesite with altered apatite: from right side of Karaohukar 

valley between Dastor and Sorik jilgha, Taghdumbash 

Pamir. 

Fig, 4.—Orbitolina limestone; from Reshun conglomerate, li mile 
below Reshun, Chitral. 

g, quartz ; /, felspar, hornblende ; 

Qy groundmass ; c, chlorite ; a, apatite. 

PLATE 32. 

Geological sketch-map of Chitral and the Pamirs. 
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aEOQRAPHICAL INDEX. 

Latitude. Longitude. Page. 

o / e / 

Ab-i-Panja see Oxus . • . 

Acheqtash . 37 17 75 27 304. 

Ak Baiial P. 38 24 73 33 315, 316. 

Ak Baital K. 38 ‘’O 74 0 314, 315, 317. 

Aksu R. 37 35 74 50 305, 307, 309, 312. 

Aktash « 27 38 74 50 272, 203, 305, 312. 

Alai Mts. • 39 45 73 0 319. 

Aliabad 36 19 74 40 297. 

Alich^Tr Pamir 37 45 73 20 310. 

Amurchat . 36 33 73 28 295. 

Aramuth see Hnramut . • • * 

Ashreth 35 27 71 47 277. 
1 

Ataabad 36 20 74 52 
I 
( 297. 
1 

Awi . 36 16 72 21 1 1 285, 289, 302. 

Ayujuli P. . i 37 

1 

33 74 44 312. 

Badurgal 35 30 71 47 278. 

Baranas 36 4 72 21 283. 

Baraol R. . 35 
! 

8 71 55 276. 

Baroghil Pass 36 
1 

52 73 23 272, 274, 290, 294. 

Batur glacier • ! 36 31 74 50 298. 
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Latitude. Longitude 

1 

1 Page. 

0 / 0 / 
1 
I 

Bazar-dara range . 37 55 73 20 1 .310. 

Beyik • 37 10 76 17 1 300, 302. 

Budalas 36 17 74 23 297. 
1 

Bulin-sunin-tau . 39 15 74 52 1 318. 

Buni . 36 16 72 17 289. 

1 

Chakdara . 34 39 72 4 27.".. 

Ohak-kara-knl Mt. 38 54 75 15 .324. 

Ohal Mirza Rabat 38 33 74 0 .316. 

Chalt . 36 15 74 23 297. 

Ohatiboi glacier . 36 45 73 19 290. 

Chilab R. • 37 22 74 0 311. 

Chitral 35 52 71 49 * ' 271, 280, 281, 282, 
320. 

Ohutiatan . 35 9 71 56 276. 

Concord Peak 37 20 73 48 310. 

Dafdar 37 22 75 27 305, 311. 

Barband 36 41 73 27 294. 

Baigai • 34 31 71 53 272, 275. 

Darkot Pass 36 63 73 28 272, 290, 29^. 

Barkot village • 36 39 73 28 296. 

Barora • • . . 35 6 72 3 276. 

Basht-i-Baroghil . • • • 36 41 73 20 290, 292, 293. 
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Latitude. [iongitude. Page. 

• / • / 

Pasht-i-Taus 36 23 73 20 296. 

Dir 35 11 71 55 272, 275, 276, 320. 

Drosh 35 34 71 50 272, 278, 279, 280, 
285. 

Dubarghar . 36 42 72 58 289. 

Duman 36 20 73 23 296. 

Gahiret 35 40 71 49 281, 282. 

Gakshi 36 42 73 28 294. 

Galatak 35 32 71 48 280. ] 

Gez . 38 47 75 20 320. 

Gfhayiar R« • 36 10 73 10 29a 

Gilgit . 35 54 74 18 271, 294, 297. 

Gircha 
1 
I 36 40 74 56 299. 

Golen 35 57 72 1 282, 283, 287. 

Great Kara-kul 1 39 0 73 30 .316. 

Great Pamir 37 25 73 40 293, 309, 310. 

Gujar 35 20 71 52 277. 

Gujbal i 36 35 75 0 294, 298. 

Gulmit i 36 23 74 55 297, 

Gupis 1 36 12 73 28 272, 298, 297. 

Gurumdi Mt. • 39 3 74 15 318, 324. 

Gurumdi R. • • • 1 37 
1 
! 

43 73 55 312, 313. 

a 
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1 
Latitude. [x)i}gitude. 1 Page, 
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Hacamut • . . 38 33 74 45 318, 324. 

Hiinza . . 36 20 74 40 272, 297, 320. 

Husaini • • 36 27 74 55 297, 298. 

Irkeshtam • • • 39 42 73 56 319. 

Ishi Pass 38 30 74 14 316. 

IsfakamaD . 36 30 73 55 295. 

Ishpirin 36 40 72 57 289, 290. 

Istik • 37 45 74 35 273, 310. 

Jangalak 37 43 75 9 305. 

Jargal Gumbaz . 37 32 75 27 306. 
1 

Jhopu. 36 33 72 15 i 289. 

Jolchi-mainak 39 8 75 10 319. 

Juluk-bash . 39 12 75 40 1 319. 

Kala Panja 37 0 38 

1 

1 273, 288. 
1 

Kara-chukar R. . 37 7 75 10 i 300,304. 
1 

Kara>dung (Lake) 37 25 74 3 311. 

Kara-jilgha Pass . • 37 17 74 37 300. 

Kara<kokti . 37 9 74 52 300. 

Kara-kul see Great Kara-kul .. 

Kara-kul-ashu • 37 33 74 56 308. 

Kara-su • 37 55 74 1 312, 314. 

Kara-zak • 39 2 74 32 318, 324. 
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Latitude. Longitude. Page. 

o o / 

Kashgar • . 39 31 75 56 319, 320. 

Kashgar range • 39 20 74 30 318, 319, 322. 

Kekohaki * . 37 33 74 55 307, 308, 309. 

Kengshubar • 37 37 75 8 ;{0r), 30G. 311. 

Kengshubar-uch-kol • 37 35 73 54 312, 313. 

Kes . . . . 35 39 71 51 281. 

Khaibar . 36 35 74 50 298, 299. 

Khanjuli R. . 37 25 74 57 309. 

Khodabad . 36 43 74 53 299, 

King-su R. . . 39 14 74 35 318. 

Kizil-jilgha . • 37 36 74 55 307. 

Kizil-jiyik Pass . • 38 33 73 50 316, 317. 

Koghazi • 35 57 72 0 282. 

Kok-su . 39 45 73 45 320. 

Kok-sum R. . 36 45 72 56 289. 

Koragb . 36 13 72 11 288. 

Kujigit Pass • 37 33 74 0 312. 

Kuktumk . . 37 7 74 44 300. 

Kul-uch-kol . 37 35 73 57 312. 

Kungur Mt. . 38 38 75 16 323, 324. 

Kushuga • 39 40 74 50 320 

Lakhshakh Pass . • 37 35 75 0 272, 306, 307 

Laorai Pass • • 35 21 71 
1 

60 272, 277, 320. 
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Latitude. Longitude. Page, 

o / o / 

Lasbt .... 36 46 73 0 290. 

Ldttle Pamir 

Lowari Pass see Laorai. 

37 0 74 0 301, .310. 

Lun. 36 12 72 6 287. 

Lup gaz. 37 3 74 67 300. 

Malakand. 34 35 71 65 272, 275. 

Mamazair bulak .... 37 68 73 55 313. 

Mastuj ..... 36 16 72 33 272, 2S7, 289. 

Mintaka Pass .... 37 2 74 66 272, 300, 310. 

Mirkani. 36 29 71 46 277, 278. 

Misgar ..... 36 48 74 49 299. 

Mori Lasht ..... 36 6 72 5 287. 

Muji ...... 38 50 75 0 318, 319. 

Murghab R. .... 37 35 74 50 305, 310, 312, 314. 

Murghabi ..... 38 5 74 12 312, 314. 

Murikho ..... 36 20 72 21 288. 

Murkhun ..... 36 37 74 55 299. 

Muskol R. . 38 39 73 30 315, 316. 

Mustagh-ata .... 38 17 75 7 323, 324. 

Nezatash (Chinese) 37 67 73 66 
I 

305, 306, 311. 

Nezatash (Russian) 

Nezatash Pass see Lakhshakh. 

37 36 76 0 313. 
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o / o / 

Nicholas range 37 J5 74 0 310, 320. 

Nilt .... 36 14 74 28 297. 

Nomal 36 5 74 20 297. 

Oprang 36 61 75 35 .•122. 

Owir .... 36 8 72 4 283, 284, 287. 

Oxus .... 37 0 73 0 2i)3, 310. 

Pamirski Post see Post. . . 

Panakot 35 13 71 55 277. 

l^anjkora R. 34 52 71 50 275, 276. 

Pasu . . 36 28 74 56 298. 

Petus .... 36 49 73 20 290. 

Pislang 37 19 75 27 311. 

Post Pamirski 38 9 74 0 312, 314. 

Rabat 
1 

- i 
1 

34 53 71 57 276. 

Rang-kul 38 20 74 10 310, 317, 318. 

Raskam 36 30 76 30 323. 

Reshun 36 9 72 7 271, 272, 278, 283, 
284, 287. 

Roshan 36 13 73 34 297. 

Sado .... 34 47 71 49 27r>. 

Sakez-jarab range 36 40 73 30 294. 

Salangur Lake 37 28 74 30 300,311., 
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__ _ 1 
Latitude, Longitude. ^ Page. 

o / o / 

8andi . • • . 36 26 73 24 295. 

Sara jilgha see Sank. • • 

Sarai • • . 34 44 71 55 275. 

Sarak-tash . 39 0 75 0 319. 

Sarcz Pamir 38 0 73 30 312. 

Sank jilgha 37 23 74 5 302. 

Sarikol range 37 15 75 10 305, 322, 323. 

Sarikoram R. 37 20 73 52 311. 

Shah janali Pass . 36 45 72 53 280. 

Shawitakh Pass . 36 53 73 28 272, 291, 293. 

Shindi R. 37 36 74 52 302, 307, 308, 309. 

Shishi R. 35 36 71 52 280. 

Showar Shur 36 50 73 35 271, 272, 290. 

Shugram 36 10 72 7 283, 284, 287. 

Sundri 36 17 73 26 296. 

Swat . 34 43 
1 

J5 272, 275, 320. 

Tagharmansu 37 10 74 54 300. 

Taghdumbash Pamir 37 30 75 0 272, 300, 304, 320. 

Tashkurghan 37 48 75 17 272, 305, 323. 

Tashmalik . 39 3 75 45 320. 

Tirich Mir . 36 22 71 51 288. 

Trans-Alai Mts. . . 39 15 73 0 318. 

Tui Pass • • • • 36 37 73 7 289, 
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-1 
Latitude. 

! 

. . 1 Longitude, j Page. 

Tui R. , . . 

o 

36 

/ 

30 

O 

73 

/ 

20 295, 

Turikho 36 40 72 35 288. 

Timpotk 36 44 72 58 289. 

Tiisdun boles 38 30 74 16 .317. 

Tuyuk-tar R. 30 0 74 47 319. 

Ujadbai 37 15 76 27 303, 309. 

Ulug-art 39 0 74 54 319. 

Urghuch • 35 48 71 48 282. 

Urta-beJ • 37 25 74 31 300, 310, 311. 

Urta-uch-kol • 37 35 73 53 312. 

Wakhan . 37 0 73 0 272, 293. 

Wakhan range see Nicholas range. • • • • 

Wakhjir Pass 37 6 74 32 300. 

Warai 35 0 72 5 276. 

Yakhdan 36 45 72 58 289. 

Yangi da wan 37 50 73 48 313. 

Yangi Hissar 38 49 76 15 273, 323. 

Yarkand 38 19 77 23 273. 
( 

Yarkhun R. 36 45 73 0 271, 289, 290, 294. 

Yasin 36 22 73 22 272, 279, 294, 296, 
320. 

Ziarat • 35 23 71 49 277. 
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P^oto, N, F. Walkinson. THE KUTTIPPURAM METEORITE. 

{ IJalJ natural size. J 

(1. S. i. CaIC.1 'I 'J a. 
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K. K. Vv'Htkinson. 
<S. I. Cai cfi I A. 

THE KUTTIPPURAM METEORITE. 

( Half natural she. ) 
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hoto K. F. Watkin.son. Ti, .S. I. Cam utta. 

THE KUTTIPPURAM METEORITE. 

( Half natural size. ) 
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rjtij K. F Waimnson. 
G. S. 1. Caixi;tta, 

THE KUTTIPPUBAM METEORITE. 

( Half natural size. ) 
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Phcto. K. F. Watkinson. 
G. S. I. Calcutta. 

THE KUTTIPPUEAM METEORITE. 

( Half natural size. ) 
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G. S. 1- Capcutta. 

THE KUTTIPPURAM METEORITE. 

( Three-fourths natural size, ) 
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G. S. I. Calcutta. 

THE KUTTIPPURAM METEORITE. 

( almit two-thirds natural size. ) 
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rhoto, K, F. Walkimon. CalctiUn. 

FIG. 3. FIG 4. 

THE INTRICATE VEIN SYSTEM OF THE KUTTIPPURAM METEORITE. 

( all p^s. X 20, approx. ) 
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mg. 1 THE SHUPIYAN METEORITE. 
( naiural size, ) 

Pi^. 2. THE K AMS AGAR METEORITE. 
( about four-fifths natural size. ) 

G, S. I. Cai.cvtta. 
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G. s. I.C>SICUTT> 

THE KAMSAGAR METEORITE, 

(afwitt foitr-Jifths natural 
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G. S, I. Calcutta. 

THE SHUPIYAN METEORITE. 

In the Srinagar Museum, Kashmir. 

( about three-fi fths natural size. J 
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G. S. I. Calcutta. 

THE SHUPIYAN METEORITE. 

In the Srinagar Museum, Kashmir. 

( about three-fifths natural size. ) 
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7a 

Fig. T - 3 by G. A/. IP^oorhvar'/, 

„ 3 - 8 by S. N. Guine. 
G. S. /. Calcutta. 

















DEVONIAN IN HILLS OPPOSITE RESHUN, CHITRAL. 
X Fossiliferous beds 

Photo, by //. H. Jlay den. G. S. /. Calcutta. 

DEVONIAN ON KORAGH SPUR, CHITRAL. 

(a) Limestone with SplHfer Yerneuili and corals. 
(b) Shaiy limestone with A try pa aapera. 
(o) Quartzite and limestone with many corals. 
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FOLDED CONGLOMERATE IN VALLEY BEHIND RESHUN. 





rhoto, by //. //. Hayden. /■ Calcutta. 

THE RUSSIAN PAMIRS, AS SEEN FROM THE TOP OF THE LAKHSHAKH PASS; 

LOOKING WEST. 
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C. S. 1. Calcutia. 
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